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20 SUMMARY:
21  Here, we present a protocol for immunofluorescence staining to observe the endothelial cells of
22  the mouse aorta directly. This technique is useful when studying the cellular and molecular
23 phenotype of endothelial cells in different flow patterns and in the development of
24 atherosclerosis.
25
26  ABSTRACT:
27  Aberrant changes in endothelial phenotype and morphology are considered to be initial events
28 in the pathogenesis of atherosclerosis. Direct observation of the intact endothelium will provide
29  valuable information for understanding the cellular and molecular events in the dysfunctional
30 endothelial cells. Here, we describe a modified en face immunofluorescence staining technique
31 which enables scientists to obtain clear images of the intact endothelial surface and analyze the
32  molecule expression patterns in situ. The method is simple and reliable for observing the entire
33  endothelial monolayer at different sites of the aorta. This technique may be a promising tool for
34  understanding the pathophysiology of atherosclerosis, especially at an early stage.
35
36 INTRODUCTION:
37 The early changes in the vasculature primarily initiate in the endothelium, which functions as a
38 selective barrier between the blood and the vessel wall with its intercellular tight junctional
39 complexes?. Substantial evidence points to a critical role for the mechanical effects of blood flow
40 in modulating endothelial function?. Fluid shear stress, a frictional force generated by blood flow,
41  differentially shapes endothelial cell morphology and function, depending on the specific flow
42  paradigms at different vascular sites?3. Atherosclerotic lesions preferentially occur at sites of
43  disturbed blood flow (d-flow), such as vessel curvatures, flow dividers, and branch points, as
44  compared to regions of steady flow (s-flow), such as the straight segment of the artery.
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Therefore, direct observation of endothelial morphology and molecule expression patterns
should provide important insights into the structural and functional phenotypes of endothelial
cells under varying flow paradigms.

Cultured endothelial cells may not express the actual phenotype as they do in vivo partly due to
the loss of impact of fluid shear stress, surrounding cytokines, and cell-cell or cell-extracellular
matrix interactions. To aid this, the intact endothelial cell monolayer can be studied on transverse
sections using classical immunohistochemistry. However, the endothelial monolayer is so thin
and fragile that it usually cannot be observed clearly. En face immunohistochemistry has been
used to observe the inner surface of the endothelium but is either complicated or erratic in its
results because the endothelium is easily stripped from the underlying tissue, or just part of the
arterial wall of rats or rabbits, whose walls are thick, is mounted*>.

Mouse models have considerable advantages over other animals in many respects. Here, we
employ a modified en face immunofluorescence technique to analyze endothelial cells of the
aortic arch and thoracic aorta in C57BL/6 mouse. Such a technique has been widely used to study
the endothelial pathophysiology in different flow patterns and in the development of
atherosclerosis®0. This method allows scientists to observe the entire surface of the
endothelium clearly and to compare the expression patterns of a given protein in regions under
different fluid shear stress.

PROTOCOL:

All animal experiments were conducted in accordance with experimental protocols approved by
the Committee on Animal Resources of Shanghai Jiao Tong University.

1. Perfusion of the mouse aorta

1.1. Briefly, anesthetize 12-week-old C57BL/6 mice with intraperitoneal injections of sodium
pentobarbital (50 mg/kg body weight). Confirm proper anesthetization by gently pinching the

tail.

NOTE: If no movement is observed, the animal is sufficiently anesthetized to start the
experiments.

1.2. Tape the mouse’s paws to a stack of paper towels with adhesive tapes.

1.3. Hold up the skin of the mouse with forceps and cut the skin with a pair of scissors from the
abdomen to the top of the thorax.

1.4. Open the abdominal cavity below the ribcage with a sharp pair of scissors.
1.5. Lift the sternum with forceps and cut the diaphragm; then, cut away the ribcage to expose

the thoracic cavity.
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1.6. Cut off the vena cava just above the liver, with scissors.

1.7. Pressure perfuse (100 mmHg) the arterial tree for 5 min with prechilled normal saline
containing 40 units/mL heparin through the left ventricle until the lungs and liver become pale.
Then, perfuse with prechilled 4% paraformaldehyde in phosphate-buffered saline (PBS, pH 7.4)
for 3 min.

1.8. Remove all the muscles, organs, and fat until the aorta is exposed.
1.9. Place the mouse under a dissecting microscope.
2. Dissection and longitudinally opening of the aorta

2.1. Expose the aorta clearly under a dissecting microscope and remove the connective tissues
along the aorta as clean as possible, with delicate forceps and a pair of delicate scissors (Figure
1).

2.2. Dissect the thoracic aorta from the heart to the celiac trunk with a pair of delicate scissors
and put the aorta into a 6 cm cell culture dish with PBS. Cut open the aorta longitudinally, along
the lesser curve, and along the greater curve until the straight segment is met. Cut open the three
branches of the aortic arch, including the innominate, left common carotid and the left subclavian
artery, with microscissors, as shown in Figure 2.

3. Pretreatment and immunostaining of the aorta
3.1. Permeabilize the aorta with 0.1% polyoxyethylene octyl phenyl ether in PBS for 10 min and
block it with 10% normal goat serum in Tris-buffered saline (TBS) containing 2.5% polysorbate 20

for 1 h at room temperature in a 12-well cell culture plate.

3.2. Next, incubate the aorta with 5 g/mL rabbit anti-VCAM-1 and 5 g/mL rat anti-VE-cadherin in
the blocking buffer, overnight at 4 °C.

3.3. After rinsing the sample 3x with washing solution (TBS containing 2.5% polysorbate 20),
apply the fluorescence-conjugated secondary antibodies (1:1,000 dilution, Alexa Fluor 555-
labeled anti-rabbit 1gG and Alexa Fluor 488-labeled anti-rat 1gG) for 1 h at room temperature.

Rinse 3x in the washing solution.

3.4. Counterstain the aorta with 4’,6-diamidino-2-phenylindole (DAPI) (1 pg/mL) for 10 min and
rinse it 3x in the washing solution.

4. Mounting of the aorta on the glass slide

4.1. Place the aorta on a coverslip with the luminal surface downward and move it slowly to the
antifade mounting solution previously dropped on the coverslip. Gently stretch the aorta to keep
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the specimen flat.

4.2. Inverse the coverslip and put it on the slide glass. Care must be taken not to allow any air
bubbles to remain between the specimen and the glass.

5. Observation of the aorta
5.1. Examine the aorta with a laser-scanning confocal microscope.

5.2. Analyze color intensities of different channels from the desired region in the en face images
with Image-Pro Plus software.

REPRESENTATIVE RESULTS:

A 12-week-old C57BL/6 mouse was euthanized and perfused with normal saline containing 40
units/mL heparin and, then, prechilled 4% paraformaldehyde. The mouse aorta was exposed
under a dissecting microscope (Figure 1), dissected, and cut open longitudinally (Figure 2). En
face immunofluorescence staining of the vascular endothelial cells was performed as illustrated
in Figure 3 and Table 1. En face immunofluorescence of the vascular cell adhesion protein-1
(VCAM-1) expression with VE-cadherin as endothelial marker was shown under varying flow
patterns from different regions of the mouse aorta. DAPI was also counterstained to show the
cell nuclei for better visualization. The endothelial and smooth muscle cells can be easily
distinguished from the morphology of the cell nuclei when looking through the z-stacks under
the microscope since the endothelial cell nuclei are oval shaped and bigger than the spindle-
shaped smooth muscle cell nuclei. The representative en face images are shown in Figure 4. The
aorta was examined by the LSM 710 Laser Scanning Microscope (Table of Materials) with a
FLUAR 40x/1,3 oil lens. From the en face immunofluorescence staining, we can clearly and
directly observe that the expression of VCAM-1 was more abundant in regions under disturbed
flow (lesser curvature of the aorta arch) than in those under steady flow (greater curvature of
the aorta arch and the thoracic aorta).

FIGURE AND TABLE LEGENDS:

Figure 1: Exposing the mouse aorta under a dissecting microscope. Remove the connective
tissues along the aorta as cleanly as possible. a = innominate artery; b = left common carotid
artery; c = left subclavian artery.

Figure 2: Dissection of the mouse thoracic aorta and cutting it open longitudinally. (A) The
thoracic aorta from the heart to the celiac trunk was cut open along the lesser curve
longitudinally, and along the greater curve, until the straight segment was met. The three
branches of the aortic arch, including the innominate, left common carotid, and left subclavian
artery, were also cut open with microscissors. Red dashed lines indicate the cutting line. (B) The
aorta was opened and spread flat on the glass slides.

Figure 3: Schema for en face immunofluorescence staining of vascular endothelial cells. First,
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permeabilize the dissected aorta with 0.1% polyoxyethylene octyl phenyl ether in PBS for 10 min
and block it with 10% normal goat serum in TBS containing 2.5% polysorbate 20 for 1 h at room
temperature in a 12-well cell culture plate. Next, incubate the aorta with primary antibody in the
blocking buffer overnight at 4 °C, and rinse it three times with washing solution (TBS containing
2.5% polysorbate 20). Then, apply fluorescence-conjugated secondary antibodies for 1 h at room
temperature and rinse three times. Counterstain the aorta with DAPI for 10 min and rinse it three
times in the washing solution. At last, mount the aorta on a glass slide and observe the aorta by
a laser-scanning confocal microscope.

Figure 4: Representative en face staining results. (A) En face immunofluorescence analysis of
the lesser curvature of a mouse aorta (d-flow areas) and the greater curvature or thoracic aorta
(s-flow areas) to compare the endothelial VCAM-1 expression under different flow paradigms.
Endothelial cell morphology is shown by VE-cadherin staining. (B) Representative d-flow areas
(lesser curvature) and s-flow areas (greater curvature and thoracic aorta) are indicated by arrows.

Table 1: Detailed information about the en face immunofluorescence staining procedure.

DISCUSSION:

The endothelium is exposed to numerous proatherogenic factors, including lipids, inflammatory
mediators, and fluid shear stress»'12, Direct observation of endothelial cells in situ provides the
special advantages to analyze changes in cell morphology, intercellular junctions, and molecule
expression patterns in response to the injury stimuli.

Previous studies have provided two different en face immunohistochemical techniques to
observe the endothelium of the arterial wall*>. One is to obtain an endothelial monolayer by
stripping the endothelium from the vessel wall by a special technique, which is difficult to master
and could result in the loss of much endothelium at the branching sites of the artery*. The other
is mounting the whole arterial wall as we described. Whole-mount preparation is easy to perform
and can maintain the whole endothelial monolayer in rabbit and rats>*3. However, spreading the
whole mouse aortic specimen flat is not easy, and failure to do so may largely affect the quality
of the observation. The preparation of the aortic specimen as described here, with the curvatures
cut open and the luminal surface faced downward on the coverslip, makes it easier to spread the
aortic specimen flat on the slide glass. Moreover, a laser-scanning confocal microscope is
required to better focus on the thin endothelial cell monolayer lining the blood vessel.

A key point of this technique is to stretch the aortic specimen as flat as possible to get a better
observation of the aorta. In addition, heparin should be added to normal saline before perfusion,
and the aortic specimen should be treated gently throughout the process. Paraformaldehyde
should be freshly prepared and kept at 4 °C until usage.

There are limitations to this technique. First, the capacity of en face immunofluorescence to
detect subendothelial substance, such as deposited low-density lipoprotein, is limited when
compared to regular immunohistochemistry of tissue sections. Second, the fluorescent signals
are readily bleached after a scan by the confocal microscope, especially when performing z-axis

Page 4 of 6



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

analysis. Moreover, the expression of the target molecule can only be semiquantified, according
to its fluorescent intensity.

In summary, this modified en face immunofluorescence staining technique provides an easy way
to analyze the morphology and protein expression pattern of vascular endothelial cells in regions
under different blood flow paradigms®’ and in the pathogenesis of atherosclerosis.
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Table

Table 1. Detailed information for the en face immunofluorescence staining procedure.
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Step Process Buffer Temperature Time
0.1% polyoxyethylene octyl
1 Permeabilize phenyl ether in PBS Room temperature 10 min

2 Blocking
3 First antibody (5 g/mL)

4 Rinse
Fluorescence secondary antibody

5 (1:1000)

6 Rinse

10% normal goat serum in Tris-
buffered saline (TBS)

containing 2.5% polysorbate 20 Room temperature
Blocking buffer 4°C

TBS containing 2.5%

polysorbate 20 Room temperature
Blocking buffer Room temperature

TBS containing 2.5%
polysorbate 20 Room temperature

1lh
Overnight

5 min, 3 times
1h

5 min, 3 times
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Name of Material/ Equipment Company Catalog Number Comments/Description
Antifade mountant Servicebio G1401
Delicate Forceps RWD Life Science F11001-11
Delicate Scissors RWD Life Science $12003-09
Dissecting Forceps RWD Life Science F12005-10
Mciro Spring Scissors RWD Life Science $11001-08
Polyoxyethylene octyl phenyl ether
(Triton X-100) Amresco M143
Polysorbate 20 (Tween 20) Amresco 0777
VCAM-1 antibody Abcam ab134047
VE-Cadherin antibody BD Biosciences 555289
Alexa Fluor 555 labeled anti-rabbit
IgG invitrogen A-31572
Alexa Fluor 488 labeled anti-rat IgG  invitrogen A-21208

Laser Scanning Microscope Carl Zeiss
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Author herehy grants to loVE, subject to Section 7 helow,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto}
license (a} to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form} throughout
the world, (b} to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in {a} above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such medifications as are technically
necessary to exercise the rightsin other media and formats.
For any Video to which this Section 6 is applicable, loVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited te the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JloVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s} authorize
loVE to take steps in the Author{s} name and on their behalf
if loVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants loVE the right to use the Author's name, voice,
likeness, picture, photograph, image, bhiography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Autheor hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively} and has not
heen assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author{s} listed at the top of this Agreement are the only
authors of the Materials. If more than cne author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with loVE relating to the Materials, the Author
represents and warrants that the Author has been
autherized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/er medification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review hoard.

11. JoVE Discretion. If the Author requests the
assistance of loVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of loVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, loVE may, in its scle
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. loVE reserves the right, in its ahsclute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Auther’s institution as necessary to make the Video,
whether actually published or not. loVE has sole discretion
as to the methed of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12 Indemnification. The Author agrees to indemnify
loVE and/or its successors and assigns frem and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless loVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
loVE, making of videos by loVE, or publication in loVE or
elsewhere by loVE. The Author shall be responsible for, and
shall held loWE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by loVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and helding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of loVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
loVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS1,200 fee to cover pre-production expenses
incurred by loVE. If payment is not received by the
completion of filming, preduction and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
loVFE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commenwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an criginal, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

Asigned copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name: -
Xiao Qun Wang
Department: :
g Department of Cardiology
Institution: . - ; } - ..
Ruijin Hospital, Shanghai Jiao Tong University School of Medicine
Title: Associate Professor
/A["/ 2
Signature: /% MZ“’"’ MVLC'? Date: 055 20, =20 8/
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Please submit a signed and dated copmlu_/

nse by one of the following three methods:

1. Upload an electronic version on the JoVE submission site

2. Fax the documentto +1.866.381.2236

3. Mailthe document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Editorial comments:

The manuscript has been modified and the updated manuscript, 59325_R1.docx, is attached
and located in your Editorial Manager account. Please use the updated version to make your
revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.
Thanks. We have proofread the manuscript.

2. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs
with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

¢) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

We have revised the discussion according the requirement.

3. Please number all figures in the order of their appearance in the manuscript. For
example, figure 2 is mentioned first in the manuscript in step 2.2, so it should be numbered

as figure 1.
Thanks, we have rearranged the figures according the order of their appearance in the
manuscript.

4. Step 5.1: Please write this step in the imperative tense.
We have rephrased corresponding sentences in the manuscript.

5. Figure 3: Please add a short description of the figure in figure legend.
We have added a short description of the figure in figure legend.


https://www.editorialmanager.com/jove/download.aspx?id=966562&guid=6a17e04c-f089-4800-8f82-9f9c05eea8de&scheme=1
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