Journal of Visualized Experiments

An intravital microscopy-based approach to assess intestinal permeability and

epithelial cell shedding performance
--Manuscript Draft--

Article Type: Invited Methods Atrticle - JOVE Produced Video

Manuscript Number: JoVEG0790R3

Full Title: An intravital microscopy-based approach to assess intestinal permeability and
epithelial cell shedding performance

Section/Category: JoVE Immunology and Infection

Keywords: Cell shedding; permeability; intestine; gut; leakage; intravital microscopy

Corresponding Author: Rocio Lopez-Posadas
GERMANY

Corresponding Author's Institution:
Corresponding Author E-Mail: Rocio.Lopez-Posadas@uk-erlangen.de
Order of Authors: Luz del Carmen Martinez-Sanchez
Rashmita Pradhan
Lena Erkert
Phuong Anh Ngo
Lukas-Sebastian Becker
Alastair J Watson
Imke Atreya
Markus F Neurath
Rocio Lopez-Posadas
Additional Information:

Question Response

Please indicate whether this article will be Standard Access (US$2,400)
Standard Access or Open Access.

Please indicate the city, state/province, Erlangen, Bayern, Germany
and country where this article will be
filmed. Please do not use abbreviations.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;60790_R3.docx %

1  TITLE:
2 An Intravital Microscopy-Based Approach to Assess Intestinal Permeability and Epithelial Cell
3  Shedding Performance
4
5  AUTHORS AND AFFILIATIONS:
6  Luz DC. Martinez-Sanchez*, Rashmita Pradhan'*, Lena Erkert!, Phuong A. Ngo?, Lukas S. Becker?,
7  Alastair J. Watson?, Imke Atreya'*, Markus F. Neurath'*, Rocio Lépez-Posadas'*
8
9  Medical Clinic 1, University of Erlangen-Nuremberg, University Hospital of Erlangen, Erlangen,
10 Germany
11  2Norwich Medical School, University of East Anglia, Norwich Research Park, Norwich, United
12 Kingdom.
13
14  *These authors contributed equally.
15
16  Email addresses of co-authors:
17  Luz DC. Martinez-Sanchez (LuzdelCarmen.MartinezSanchez@uk-erlangen.de)
18 Rashmita Pradhan (Rashmita.Pradhan@uk-erlangen.de)
19 Lena Erkert (Lena.Erkert@extern.uk-erlangen.de)
20  Phuong A. Ngo (Phuong.NgoAnh@uk-erlangen.de)
21  LukasS. Becker (Lukas-Sebastian.Becker@uk-erlangen.de)
22 Alastair J. Watson (Alastair.Watson@uea.ac.uk)
23 Imke Atreya (Imke.Atreya@uk-erlangen.de)
24 Markus F. Neurath (Markus.Neurath@uk-erlangen.de)
25
26  Corresponding author:
27  Rocio Lopez-Posadas (Rocio.lopez-posadas@uk-erlangen.de)
28
29 KEYWORDS:
30 Cell shedding, permeability, intestine, gut, leakage, intravital microscopy
31
32 SUMMARY:
33 Taking advantage of intravital microscopy, the method presented here enables real-time
34  visualization of intestinal epithelial cell shedding in living animals. Therefore, topically stained
35 intestinal mucosa (acriflavine and rhodamineB-dextran) of anesthetized mice is imaged up to
36  single-cell resolution using confocal microscopy.
37
38 ABSTRACT:
39 Intravital microscopy of the gut using confocal imaging allows the real time observation of
40  epithelial cell shedding and barrier leakage in living animals. Therefore, the intestinal mucosa of
41  anesthetized mice is topically stained with unspecific staining (acriflavine) and a fluorescent
42  tracer (rhodamine-B dextran), mounted on a saline solution-rinsed plate and directly imaged
43  using a confocal microscope. This technique can complement other non-invasive techniques to
44  identify leakage of intestinal permeability, such as transmucosal passage of orally administered
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tracers. Besides this, the approach presented here allows the direct observation of cell shedding
events at real-time. In combination with appropriate fluorescent reporter mice, this approach is
suitable for shedding light into cellular and molecular mechanisms controlling intestinal epithelial
cell extrusion, as well as to other biological processes. In the last decades, interesting studies
using intravital microscopy have contributed to knowledge on endothelial permeability, immune
cell gut homing, immune-epithelial communication and invasion of luminal components, among
others. Together, the protocol presented here would not only help increase the understanding
of mechanisms controlling epithelial cell extrusion, but could also be the basis for the
developmental of other approaches to be used as instruments to visualize other highly dynamic
cellular process, even in other tissues. Among technical limitations, optical properties of the
specific tissue, as well as the selected imaging technology and microscope configuration, would
in turn, determine the imaging working distance.

INTRODUCTION:

The intestine is a highly specialized organ with a tightly regulated function enabling conflicting
processes, namely nutrition and protection against harmful luminal substances. Lining between
the human body and the environment, the intestinal epithelium acts as a physical and
immunological barrier and contributes to the maintenance of mucosal homeostasis in the gut’-2.
Loss of epithelial integrity and increased tight junction permeability is well known to be
associated with Inflammatory Bowel Disease (IBD)3*®. Epithelial alterations are then considered
as causes and secondary amplifiers for chronic intestinal inflammation in IBD. Thus, an improved
understanding of early epithelial alterations in the gut of IBD patients would be of immense value
for the development of new strategies to restore epithelial integrity for reliable prediction and
subsequent prevention of IBD relapses.

Intestinal epithelium follows a complex and tightly regulated turnover process. From the crypt
bottom, terminally differentiated intestinal epithelial cells (IECs) derived from pluripotent stem
cells migrate upwards to the villus tip, where aged/damaged cells are shed into the lumen’. The
equilibrium between division and cell extrusion enables the maintenance of intestinal epithelial
cell numbers, avoiding the formation of gaps and leakage, as well as the accumulation of
epithelial cells potentially leading to cell masses and tumorigenesis® 0. Despite the key role of
epithelial cell shedding in the physiological renewal of the gut epithelium, the knowledge about
the molecular mechanisms driving the extrusion of cells at the villus tip is limited. Thus, there is
a need for basic research providing a precise description of the sequence of molecular events
involved in epithelial cell shedding.

Complex interactions between different cell types within the intestinal mucosa are key to
understand the molecular mechanisms regulating epithelial turnover and intestinal homeostasis.
Thus, in vivo studies offer high advantages over in vitro and ex vivo approaches in this context.
Moreover, real-time imaging techniques permit the description of the sequence of events
controlling specific phenomena. In this context, the study of highly dynamic processes demands
the use of optimized high resolution techniques for the direct observation of the tissue. Intravital
imaging techniques appear as unique suitable tools for the study of epithelial cell shedding in the
gut.
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The term “intravital microscopy” refers to experimental approaches taking advantage of high-
resolution imaging techniques (multiphoton or confocal microscopy) to directly visualize cells and
tissues in their native environs within a living animal®!. It enables the real time acquisition of in
vivo information up to single-cell resolution, and entails clear advantages over static or low
resolution methods. Intravital microscopy provides complementary information and overcome
some limitations from classical and/or high-end techniques, such as artifacts due to tissue
processing. In contrast, the main limitation of intravital microscopy is that the tissue should be
directly exposed to the microscope, which in most cases requires surgery. Although sophisticated
approaches preserve the vitality and minimize the impact of the imaged tissue (skinfold
chambers and imaging windows)*?13, in most cases a simple skin incision is performed for the
externalization of the tissue (skin flaps)!. In the last decade, these approaches have contributed
key evidence about highly dynamic processes, which were previously inscrutable. Translationally,
real-time imaging provided new biological insights on stem cell and leukocytes homing®®, as well
as cancer dissemination and metastasis formation'36, In the clinical context, endomicroscopy is
currently exploited as a diagnostic tool of cancer!’” and gastrointestinal diseases, such as IBD&1°;
while confocal mosaicking microscopy became a rapid pathology tool during surgery?°. Together,
intravital microscopy has lately emerged as a valuable and versatile tool for biomedical research
and future application in the clinic.

Intravital microscopy is here implemented for real-time visualization of intestinal epithelial
leakage and observation of epithelial cell shedding events. Leakage of intestinal permeability can
be identified by other in vivo noninvasive techniques, such as quantification of orally
administration of fluorescent tracers in serum?!. However, this technique does not allow the
direct observation of shedding performance nor the segregation between para- and trans-
cellular permeability. The combination of standard tracer experiments and intravital microscopy
represents a suitable approach to: i) identify disturbances in intestinal permeability, and ii)
segregate between para- and trans-cellular epithelial permeability. Besides cell shedding,
intravital microscopy in combination with in vivo fluorescence labelling enables the study of other
cellular and molecular mechanisms (e.g., tight junction redistribution during cell shedding using
fluorescent reporter mice?? or interactions between IECs and other cells within the intestinal
mucosa?3).

The method presented here represents an adaptation of intravital microscopy to enable real-
time observation of intestinal mucosa, using confocal laser scanning microscopy (CLSM).
Therefore, we use conditional knock-out mice of GGTase (Geranylgeranyltransferase) in
intestinal epithelial cells (IECs) in (Pggt1b™tC mice), since they suffer from a severe intestinal
disease and increased epithelial permeability?*. Surgical preparation of the mouse and staining
of the intestinal mucosa, as well as appropriate settings used for imaging acquisition and post-
acquisition analysis are described. This protocol could enable future studies contributing to the
current knowledge about dynamics and kinetics of intestinal epithelial cell shedding. Moreover,
the protocol could serve as a basis for various adaptations to study other phenomena occurring
at the surface of the intestinal mucosa, and even at other tissues.
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PROTOCOL:

The following protocol has been approved by the relevant local authorities in Erlangen (Regierung
von Unterfranken, Wirzburg, Germany). Mice were housed under specific pathogen-free
conditions.

NOTE: Inhibition of GGTase-mediated prenylation within IECs causes a severe alteration of
intestinal permeability in Pggt1b®t mice?*. Therefore, this mouse model was used to
demonstrate how the protocol can be useful to study intestinal barrier defects. However, this
protocol could be used for the study of any other mouse line.

1. Surgical preparation and mouse intestinal mucosa staining

NOTE: The surgical preparation is based on previously described protocols®. Keep the
anesthetized mouse under a red lamp during the surgical preparation, to avoid a drop in body

temperature.

1.1.  Anesthetize mouse by intraperitoneal injection of ketamine/xylazin (96 mg/kg, xylazin;
and 12.8 mg/kg ketamine). Verify the anesthesia by checking for the lack of an eyelid reflex.

1.2.  Apply eye protection cream using a cotton bud.

1.3.  Make an incision (1 cm) on the left ventral area using standard forceps and straight fine
scissors.

1.4. Exteriorize a segment of the intestine (3-5 cm, approximately).

1.5. Open the exteriorized intestinal segment longitudinally by electrocauterization at the
antimesenteric side.

1.6. Expose the mucosa and rinse shortly with saline solution to remove fecal content.
NOTE: Optionally, apply xylazin directly on the gut to avoid motion artifacts.

1.7.  Stain the surface of the intestinal mucosa with acriflavine and rhodamine-B dextran (10
kDa).

1.7.1. Apply the 1 mg/mL acriflavine solution (100 pL) by pipetting drop by drop on the mucosa
and incubate for 3 min. Wash out the remaining solution with PBS.

1.7.2. Apply the 2 mg/mL rhodamine-dextran solution (100 pL) by pipetting drop by drop on the
mucosa and incubate for 3 min. Wash out the remaining solution with PBS.

NOTE: Optionally, remove blood from the preparation using aseptic cotton.
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1.8.  Place the anesthetized mouse supine on a cover slide mounted in a chamber rinsed with
pre-warmed saline solution (37 °C).

NOTE: The opened intestinal segment is then placed luminal surface down, on the cover slide.

1.9. Place the preparation (anesthetized mouse in the chamber) on the inverted microscope
stage.

1.10. Cover the animal with an isothermal pad (approx. 37 °C).
1.11. Proceed immediately to intravital microscopy.

NOTE: Keep the surgical preparation rinsed with pre-warmed saline solution to avoid dehydration
of the tissue and cell death.

2. Intravital microscopy

NOTE: Perform step 2.1 before starting the surgical preparation, to avoid long waiting times
between anesthesia, surgery and image acquisition. If necessary, additional doses of anesthetics
can be given to surgically prepared animals to keep them under anesthesia for the imaging
experiments.

2.1. Set up the CLSM microscope.

2.1.1. Start the CLSM microscope by turning on the microscope base and the scanner box. Turn
on the computer by pressing the Start button.

2.1.2. Launch the image acquisition software (e.g., LAS X) by double clicking on the icon. Select
the appropriate configuration (Configuration: machine; Microscope: DMI6000) and click OK.

2.1.2.1. Define the appropriate Resolution. Go to Configuration | Hardware | Resolution
| Bit depth. Select 12.

2.1.3. Go to the Acquisition menu. Select xyzt for the image acquisition mode from the drop-
down menu. Select the objective from the drop-off menu (20x or 40x).

2.1.4. Design the sequential acquisition setting. Click on Seq. Add a second sequence, by clicking
on the add button (+). Select Between frames.

2.1.4.1. Configure Sequence 1 (detection of acriflavine; 416 nm excitation; 514 nm
emission). Turn on the visible laser box. Activate the PMT1 (ON). Define the emission wavelength
window (490-550 nm).
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2.1.4.2. Configure Sequence 2 (detection of rhodamineB-dextran; 570 nm excitation; 590
nm, emission). Turn on the visible laser box. Activate the PMT2 (ON). Define the emission
wavelength window (550-760).

2.1.5. Activate the corresponding lasers (488 and 552). Go to Configuration | Lasers. Activate
488 and 552 nm lasers (turn ON).

2.2.  Adjust the setting to the specific features of the current experiment.

2.2.1. Turn ON the light source (press power). Place the preparation (anesthetized mouse in the
chamber) on the microscope stage and change the xy position until the illumination axis is
focused on the tissue preparation.

2.2.2. Select the field of interest using the standard light source and the eyepieces.

2.2.2.1. Select the filter cube (I3). Open the shutter. Focus on the surface of the intestinal
mucosa by using the macro- and micro-wheel. Search for an area where several villi can be

visualized within the field of view by changing the XY position.

2.2.3. Verify that the rhodamine-dextran staining is also visible in that area. Change the filter
cube (N2.1). Check the image through the eyepieces.

2.2.4. Start the CLSM image acquisition from the software. Optimize settings for the two
sequences.

2.2.4.1. Select Sequence 1. Adjust laser power, gain and offset for Sequence 1.
2.2.4.2. Select Sequence 2. Adjust laser power, gain and offset for Sequence 2.
2.2.5. Define the z stack range.

2.2.5.1. Open the Z-stack drop-off menu. Focus on the surface of the mucosa using the z-
axis control. Press Begin.

2.2.5.2. Focus on the bottom limit where the signal is still detectable. Press End.

2.2.5.3. Define the numbers of z stacks (10). Avoid time lapses longer than 2 min for two
consecutive time points.

2.2.6. Define the time settings. Go to the Time menu. Click Minimize. Select Acquire until
stopped.

2.2.7. Define the line average. Select Seq 1. Select Line Average 2. Select Seq 2. Select Line
Average 2.
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2.3.  Acquire corresponding images.

2.3.1. Select Format (1024 x 1024) and Speed (400). Press Start.

2.3.2. Press Stop after the desired image acquisition time.

2.4.  Save the file. Go to Project. Right click on the corresponding file. Press Save as.
2.4.1. Name the file appropriately. Select the adequate folder. Press Save.

2.5. Euthanize the animal (cervical dislocation) and collect tissues for ulterior analysis, if
needed.

3. Image analysis determine cell shedding rate and the intestinal epithelium

3.1. Cell shedding rate

3.1.1. Launch the image acquisition software.

3.1.2. Go to Open projects. Select the appropriate file.

3.1.3. Define the total time of image acquisition.

3.1.3.1. Select the last complete z stack. Select the last Z position from the previously
selected time point. Read the time on the right bottom corner of the screen (total time of image
acquisition).

3.1.4. Select avillus.

3.1.4.1. Select the appropriate Z stack position (surface of the villus, but deep enough to
avoid the interference with already shed cells and other components present at the lumen).

3.1.4.2. Measure the length of basal membrane. Select the ruler tool. Divide the villus in
several lines to cover or draw the whole villus perimeter. Add the different values (total length
of the basal membrane). Delete the segments of the Ruler tool.

3.1.5. Countthe number of events occurring during the whole duration of the image acquisition.
3.1.5.1. Divide the villus into segments with an adequate size. Analyze the sequence of
events/segment by sliding the bar through the different time points. Annotate the identified cell

shedding events.

3.1.6. Calculate the number of shedding events/time/length of basal membrane, which
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indicates the cell shedding rate. Count up to 5 villi/video, and at least two videos/mouse.
Calculate the mean of these 10 measurements.

3.2. Leakage
3.2.1. Select avillus.

3.2.2. Select the appropriate Z stack position (surface of the villus, but deep enough to avoid
the interference with already shed cells and other components present at the lumen). Count total
number of epithelial cells/villus.

3.2.3. Count the number of leakage points (Para-cellular presence of rhodamine dextran. This
event is transitory, which can be confirmed by checking previous and ulterior acquired pictures).

3.2.4. Calculate the number of leakage/total number of epithelial cells. Analyze 10 different
villus/sample/video and calculate the average number of leakage and permeable cells/villus.

REPRESENTATIVE RESULTS:

The protocol presented here describes an intravital microscopy-based approach to visualize
intestinal epithelial leakage and observe cell shedding performance in the gut in real-time.
Briefly, mice are anesthetized and submitted to surgical preparation in order to expose the
surface of the small intestine mucosa. IECs are then stained via topical application of acriflavine;
while luminal rhodamine B-dextran is used as tracers to detect transmucosal passage from the
lumen to the sub-epithelial space. Thus, the surgical preparation and the anesthetized mouse are
placed on a slide mounted in a Petri dish and imaged over time using CLSM (Figure 1). Post-
acquisition analysis permits the calculation of epithelial cell shedding rate (number of cell
shedding events/minute/length of basal membrane) as well as the percentage of transitory
leakage (paracellular permeability) and “permeable cells” (transcellular permeability) at a
determined time point.

In order to induce alterations of epithelial integrity, we took advantage of the previously
described IEC-specific GGTase-deficient conditional mouse model (Pggt1b™®'t¢ mice), generated
via the LoxP-Cre system?4, As described before, Pggt1b'*'t¢ mice (Figure 2A) developed severe
intestinal pathology as shown by increased histological damage score in small intestine (Figure
2B). Increased intestinal epithelial permeability could be detected via tracer in vivo experiments
using orally administered FITC-dextran (4 kDa) (Figure 2C), and then confirmed via intravital
microscopy (Figure 2D-2E). While rhodamine dextran is restricted to the luminal compartment in
control mice, we could detect the tracer within the sub-epithelial compartment upon abrogation
of GGTase expression within IECs in Pggt1b™®' ¢ mice. During image acquisition, cell shedding
events could be identified as cells moving out of the epithelial monolayer into the lumen, leading
to a temporary gaps in the sealing of the epithelium, which are finally closed by the contact
between neighboring cells, so called zip-effect (Figure 3A). We could clearly observe these gaps,
what we call temporary epithelial leakage both in control and Pggt1b'®t¢ mice, although the
frequency of these phenomenon was higher in the latter (Figure 3B,3C). Interestingly, we could
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also identify other cells where dextran could be detected intracellularly, so called “permeable
cells”; these events occurred mainly in Pggt1b®t¢ mice (Figure 3B,3D). Together, taking
advantage of the here presented intravital microscopy approach, we could determine that
impaired epithelial integrity in Pggt1b'»E¢ mice leads to cell shedding performance alterations
and increased para- and trans-cellular epithelial permeability in the gut.

FIGURE AND TABLE LEGENDS:

Figure 1. Schematic description of the intravital microscopy approach: (A) Flow chart. (B)
Diagram. After surgical preparation, intestinal mucosa topically stained with acriflavine and
rhodamine dextran is mounted on a cover-slide embedded on a Petri dish to allow perfusion with
a saline solution (luminal surface down). The intestinal mucosa is then imaged using a CLSM
microscope over time.

Figure 2. Impaired epithelial integrity in Pggt1bi2E¢ mice leading to increased intestinal
permeability. (A) Western blot showing tamoxifen-induced abolished GGTase-1B expression
within IECs in Pggt1b™®t¢ versus control mice. (B) Histological score of the small intestine from
the control and Pggt1b'®t¢ mice. (C) Quantification of intestinal epithelial permeability in vivo
measured by transmucosal passage of orally administered FITC-Dextran (4 kDa). (D) Diagram
describing the direction of image acquisition, from the lumen downwards to the villus axis.
Representative pictures from a z-stack. (E) Representative pictures of intravital microscopy using
topically applied acriflavine and rhodamine B-dextran from control and Pggt1b'”'€¢ mice, as
described in the here present manuscript. Data are expressed as Mean + SEM.

Figure 3. Epithelial cell shedding performance and para/trans-cellular epithelial permeability
using intravital microscopy. (A) Representative pictures showing a cell shedding event at real-
time (white arrow). The shed cell is extruded from the epithelial monolayer to the lumen.
Neighboring cells seal the temporary leakage (zip-effect) to avoid loss of barrier function. (B)
Representative picture showing leakage (white arrows) and permeable intestinal epithelial cells
(blue arrows). (C-D) Quantification of temporary leakage (C) and permeable cells (D) in control
and Pggt1b'®'t mice. Data are expressed as Mean + SEM.

DISCUSSION:

Although technically challenging, intravital microscopy-based methodology represents a unique
experimental approach to visualize highly dynamic cellular process in real time, such as cell
shedding performance. Thus far, there is no alternative experimental approach to visualize cell
extrusion in vivo. We believe that this protocol can contribute to the description of diverse
cellular processes playing a role in the maintenance of intestinal homeostasis.

Taking advantage of intravital microscopy, the method presented here enables real-time
visualization of intestinal epithelial cell shedding in living animals. Therefore, topically stained
intestinal mucosa (acriflavine and rhodamine B-dextran) of anesthetized mice is imaged up to
single-cell resolution using confocal microscopy. In combination with standard tracer
experiments, it permits the identification of intestinal permeability disturbances in vivo and the
distinction between para- and trans-cellular permeability. In combination with reporter mice,
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similar protocols exploited to monitor epithelial cell shedding could show tight junction
redistribution to seal the transitory leakage left by the extruded cells (zip-like effect)??2°.

Besides epithelial cell shedding, modifications on the method presented here have been adapted
to the analysis of other highly dynamic cellular processes occurring at the surface of the intestinal
mucosa. For instance, intravenous administration of tracer molecules and blood vessel staining
with anti-CD31 antibodies provided the opportunity to evaluate endothelial integrity in the gut?’.
Beyond the epithelium, similar approaches have been used to investigate gut homing properties
of immune cells?®2°, as well as interaction between immune cells and IECs in the context of
intestinal infection?3,

Despite the plethora of potential applications of the here described protocol, there also exist
some limitations to its use. Light scattering within the specimen impairs the acquisition of
imaging deep inside the tissue. In the case of small intestine, the image acquisition is confined to
phenomena occurring at the surface of the mucosa (villus tip). On the other hand, the structure
and function of the gut itself limits the performance of intravital microscopy. Despite optimal
organ optical properties, peristaltic tissue contraction as well as flow-induced movement of the
intestinal villi imply frequent modifications on the focus plane during image acquisition.

Potential modifications on the here presented protocol might overcome some of these
limitations. The use of alternative microscopy techniques, such as one-photon or multiphoton
microscopy, implies higher penetrance depth in order to visualize focus planes located up to 50-
100 um below the surface of the sample. However, it is important to consider the compromise
between image resolution and acquisition time, since these experiments aim at the observation
of fast and dynamic processes. In terms of microscope configuration and/or settings, the use of
longer wavelengths as well as the selection of long free working distance objectives with high
numerical aperture entail optimized settings for intravital imaging.

Together, optimal experimental design taking into account the selection of appropriate
fluorescent dyes and the microscopy technique, as well as the configuration of the imaging device
should be considered as key steps in order to obtain a successful outcome from these
experiments. As future perspective, the development of image-based prediction/quantification
tools might facilitate the interpretation of acquired data.
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Name of Material/ Equipment Company Catalog Number Comments/Description
Acriflavine hydrochloride Sigma Aldrich A8251 1 mg/mL solution in PBS
Deltaphase isothermal pad BrainTree B-DP-PAD -

Gemini Cautery System BrainTree B-GEM-5917 -

Ketamin WDT 9089.01.00

LAS X Leica - -

LSM microscope SP8 Leica - -

PBS Biochrom L182

Rhodamine B dextran Invitrogen D1824 10,000 kDa MW; 2 mg/mL solution
Standard forceps (Dumont SS) Fine Science Tools 11203-23 -

Straight fine scissors Fine Science Tools 14060-10 -

Tamoxifen Sigma Aldrich T5648 50 mg/mL in ethanol

Xylazin Bayer 1320422
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“Point by point” reply.

JOVE60790 Intravital microscopy-based approach to assess intestinal permeability and
epithelial cell shedding performance

We thank the editor and the two reviewers for their helpful comments and for their efforts to
further improve our manuscript. We agree with them that their suggestions would certainly
contribute to clarity and quality of the manuscript. Changes to the original version have been
highlighted in red.

Editorial comments.

Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammatical errors.

The manuscript has been proofread, in order to correct any spelling or grammatical errors.

Protocol Language: Please ensure that all text in the protocol section is written in the
imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”,
“Measure that” etc.) Any text that cannot be written in the imperative tense may be added as
a “Note”, however, notes should be used sparingly and actions should be described in the
imperative tense wherever possible.

We have verified that all the text in the protocol section is written in the imperative voice. If
not possible, text has been added as “notes”.

Protocol Detail: Please note that your protocol will be used to generate the script for the video,
and must contain everything that you would like shown in the video. Please add more specific
details (e.g. button clicks for software actions, numerical values for settings, etc) to your
protocol steps. There should be enough detail in each step to supplement the actions seen in
the video so that viewers can easily replicate the protocol.
1) 2.2,2.3: Mention surgical tools used.
2) 2.4: How are the applications performed exactly? Simply pipette?
3) 4.1.1: Mention all button clicks and software selections.

As suggested by the editor, the new version of our manuscript contains more detailed
information about the steps contained in the protocol.

Protocol Numbering: Please adjust the numbering of your protocol section to follow JoVE’s
instructions for authors, 1. should be followed by 1.1. and then 1.1.1 (Check section 4). if
necessary and all steps should be lined up at the left margin with no indentations. Please add
a one-line space after each protocol step.

The current version of the text follow the numbering instructions from JoVE.

Protocol Highlight: After you have made all of the recommended changes to your protocol
(listed above), please re-evaluate the length of your protocol section. There is a 10-page limit
for the protocol text, and a 3- page limit for filmable content. If your protocol is longer than 3
pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in
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yellow, to identify which steps should be visualized to tell the most cohesive story of your
protocol steps. The highlighting must include all relevant details that are required to perform
the step. For example, if step 2.5 is highlighted for filming and the details of how to perform
the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided
must be included in the highlighting. The highlighted steps should form a cohesive narrative,
that is, there must be a logical flow from one highlighted step to the next. Please highlight
complete sentences (not parts of sentences). Include sub-headings and spaces when
calculating the final highlighted length. Notes cannot be filmed and should be excluded from
highlighting.

As indicated by the reviewer, the filmable content of our protocol (approximately 3 pages) is
highlighted in yellow, and describe all relevant details forming a cohesive narrative.

e Discussion: JOVE articles are focused on the methods and the protocol, thus the discussion
should be similarly focused. Please ensure that the discussion covers the following in detail and
in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of
the technique, 3) significance with respect to existing methods, 4) future applications and 5)
critical steps within the protocol.

The discussion has been revised and covers the suggested topics in 6 paragraphs.
Figures: 1) Fig 2C, 3C, 3D: define error bars. 2) Fig 2D, 3A, 3B: Add scale bars.
Scale bars have included into the pictures shown in the figures.

References: 1) Please make sure that your references comply with JoVE instructions for
authors. Citation formatting should appear as follows: (For 6 authors or less list all authors.
For more than 6 authors, list only the first author then et al.): [Lastname, F.I., LastName, F.|.,
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage, doi:DOI (YEAR).] 2)
Please spell out journal names.

The new reference list comply with JoVE instructions for authors.

Table of Materials: Please revise the table of the essential supplies, reagents, and equipment.
The table should include the name, company, and catalog number of all relevant
materials/software in separate columns in an xls/xlsx file. Please include items such as animals
strains, surgical tools etc.

We have prepared an updated version of the table of materials.

If your figures and tables are original and not published previously or you have already
obtained figure permissions, please ignore this comment. If you are re-using figures from a
previous publication, you must obtain explicit permission to re-use the figure from the previous
publisher (this can be in the form of a letter from an editor or a link to the editorial policies that
allows you to re-publish the figure). Please upload the text of the re-print permission (may be
copied and pasted from an email/website) as a Word document to the Editorial Manager site
in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure
appropriately in the figure legend, i.e. "This figure has been modified from [citation]."



All figures included in our manuscript are originals.

Comments from Peer-Reviews.
Reviewer 1.

Manuscript Summary:

In this manuscript, the authors describe a method based on intravital microscopy to visualize
physiological process in the guts of live animals with a particular emphasis on cell shedding.

We thank the reviewer for the interesting points and suggestions brought up.

Major Concerns:

This manuscript requires major revisions including editing for the English.

The manuscript has been proofread, in order to correct any spelling or grammatical errors.
Here are my comments:

The manuscript lacks the basic descriptions required by the reader to interpret the images
presented.

For example:

Fig.1, in the present format, is not informative. A flow chart of the procedures and a diagram
on how the intestine is exteriorized and placed on the stage would greatly help (I understand
that the manuscript is associated with a video, but a diagram is still necessary, especially for
those not familiar with the organ).

Fig. 2 should show, first, a low magnification view, a Z-stack, and a diagram to orient the
reader on where the images are acquired.

In Fig.3B the authors need to show an example of control villi. The blebbing (green channel)
and the protrusions (red channel) could be due to loss of perfusion due to the procedure rather
than the loss of the GGTase.

As suggested by the reviewer, we have made some modifications to our figures. For clarity,
Figure 1 now contains a flow chart explaining the whole procedure (Fig. 1A), as well as a
diagram making clear how the intestine is exteriorize and placed on the petri dish, and in turn,
on the microscope stage for image acquisition (Figure 1B), specially directed to readers not
familiar with the organ. In order to show how the images are being acquired, we included a z
stack and another diagram into figure 2 (Fig. 2B). According to the reviewer comments, both
control and KO villi are shown now in figure 3.

The author did not address at all how they deal with the motion artifacts. Is pinning the organ
sufficient to minimize the peristaltic movements? Does this procedure affect vascular flow? If
so, cell shedding and morphological changes could be due to poor perfusion.

The use of ketamine/xylazin as anaesthetic helps to peristalsis, and therefore, motion
artefacts. It is also possible to apply topic xylazin directly to the gut to decrease peristalsis,
which is now included in the protocol, as an optional step. As described by the reviewer



pinning of the mucosa would increase bleeding and alter perfusion leading to artefacts in our
observations. Therefore, we have changed the text, in or der to show that there is no pinning
of the mucosa.

All the figures lack the size bars. In fig. 3A it is not clear whether individual cells or villi are
imaged. How the authors can be sure that the structure at the border is really being displaced?
Form the images, it looks like there is a shift in the focal plane.

We have now included scale bars in our figures.

The image in Figure 3A shows a zoomed-in image of the contact area between several villi.
The white arrow points at a cell shedding event, i.e an individual intestinal epithelial cell which
is being displaced from the epithelial monolayer towards the lumen. In this process the
temporary leakage due to the cell shedding can be followed by the intercellular passage of
rhodamine dextran between the shed cell and the two neighbouring cells. There is no change
at the focus plane, although minor changes due to tissue contraction, breathing or peristalsis
can’t be completely ruled out. In order to deal with mentioned potential artefacts, we
acquired z-stacks images at the xyzt acquisition, in order to follow cell shedding events at
different z positions.

The introduction is too long, and | am surprised that no references on intravital microscopy are
included.

We have now included a shorter version of our introduction, containing basic information
about performance of intravital microscopy and corresponding literature.

Minor Concerns:

Section 2.1: mg/Kg is a more accepted way.

Doses are now expressed as mg/Kg.

Section 2.4: the Size of Dextran should be expressed in KDa
The size of Dextran is now expressed in KDa.

Throughout the manuscript please use a consistent way to measure concentrations (either
molarity or mg/ml).

We now expressed concentrations in mg/ml.
Section 3.4: Euthanize is a more appropriate term.

As suggested, we have changed the term.

Reviewer 2.

Manuscript Summary:



The manuscript by Martinez-Sanchez is, in the whole, comprehensive and well-constructed. It
would benefit from a further proofread and contains a few minor grammatical errors. The
protocol describes quite a complex series of events necessary to reliably assess permeability
and epithelial cell shedding in the intestinal epithelium in real time in vivo. Due to the co-
ordination of events necessary to achieve the protocol in line with animal ethical
considerations and experimental reliability, this series of techniques will certainly benefit and
be particularly useful to the JoVE readers/viewers in video format, and | fully support its
production/publication. | have several comments that the authors should consider in my view
to strengthen the manuscript/storyboard for video production.

We thank the reviewer for the elaborated and helpful feedback on our manuscript.
Major Concerns:

It is not clear on the first line of your protocol why PggtlbideltalEC mice have been selected
(this is currently only alluded to in the representative results section). Please insert a sentence
or two in the introduction or as a note in the protocol why this transgenic line is particularly
useful for the protocol. As a suggestion; indicate that this protocol would work using any
mouse line. Point 1.1 and 1:2 would therefore be optional and only suitable when using a
tamoxifen-inducible transgenic.

Based on the reviewer comment, we decided to delete the information contained in previous
Step 1 and introduced a note at the beginning of the protocol explaining why we selected this
mouse model for the protocol/manuscript. Likewise, the introduction now contains a
sentence to make clear the reason of the selection of that mouse strain. The here provided
protocol can indeed be applied to any mouse line showing defects in epithelial barrier
function.

Indicate how the depth of anaesthesia was maintained throughout. le top-ups by im injection?
-dose?

The dose of the ketamine/xylazin is described on the protocol. Moreover, we have included a
Note in Step 2 to describe that additional doses of anaesthesia could be administered in case
of signs of awakening.

More information about the surgical preparation in terms of how the intestinal lumen is
exposed whilst maintaining blood supply and with minimal-no bleeding is necessary. This may
be achieved by referencing Duckworth and Watson Meth Mol Biol 2011,763:105-14 or similar
if these techniques are similar/identical.

Based on the editor and reviewer comments, we have provided more details about the
surgical preparation protocol. Moreover, the here mentioned previous publication is being

cited in the protocol.

Minor Concerns:



If this is optional, please indicate (optional) as | suspect that in the majority of cases, bleeding
doesn't happen despite maintaining a blood supply to the tissue.

This step is indeed optional, since bleeding is normally not occurring. This is now mentioned
in the protocol.

Point 2.5 - Do you really mean 'pinned’ with pins? - | suspect this isn't the case as this would
induce unnecessary bleeding/tissue damage. Please rephrase to be less ambiguous. |
understand this will be clear on the video.

As described by the reviewer pinning of the mucosa would increase bleeding and alter
perfusion leading to artefacts in our observations. Therefore, we have changed the text, in or
der to show that there is no pinning of the mucosa.

Section 3 - how is body temperature of the mouse maintained during intravital microscopy?
Quite important to maintain physiological processes.

Body temperature is maintained by using a isothermal pad. This information is now included
in the protocol.

Oral gavage of FITC-dextran (4KDa) is not described in your protocol but data are presented in
the representative results section, which is ok as it shows how intravital microscopy can
complement other techniques, but please make it more clear on or around line 263 that FITC-
dextran (4KDa) was orally gavaged.

We have included a sentence to make clear that the FITC-Dextran is orally administered.
The word 'pinned’ appears in Fig 1 legend, see note above.
This has been now corrected, as described in one of the previous comments.

Figure 2 -It is not clear where the white arrows are pointing to even on the high resolution
image and zoomed in. | can make out some potentially saturated pixels (slightly more white
than surrounding) and perhaps a very weak red signal surrounding that. Moving the arrows
closer to this or including one cropped and enlarged example may help. Also enhancing the red
signal just to indicate to the reader where this is could help. Acriflavine has a broad emission
spectrum, adding how bleed through into any 'red' channel into the protocol would be
beneficial and indicating why these particular dyes were selected.

We have now included improved versions of our figures. In figure 2, we have deleted the white
arrows which were trying to show the presence of dextran in the sub-epithelial compartment.
The new images clearly show this fact, which is also described in the text. Concerning the
broad spectrum of acriflavine, we use two sequence acquisition in order to avoid overlapping
of the two channels. Thereby, we did not mention how the dye can bleed into the red channel
on the text.

Fig 3a, check sequence of panels, panel 34:31 looks earlier than 31:31.



We totally agree with the reviewer, and have changed the image order, as suggested.
Fig3b - I suggest showing rhodamine and acriflavine overlay indicating discrete compartments.

The overlay from rhodamine and acriflavine is now shown in Figure 3b.



