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Dear Phillip Steindel, 
 
 
We are pleased to submit a revised version of the manuscript JoVE59139, entitled “ Quantitative analysis 
of cellular composition in advanced atherosclerotic lesions of smooth muscle cell lineage tracing mice” 
for consideration for publication in JoVE.  
 
We thank the Editor and the four Reviewers for their constructive comments. We have carefully edited 
the manuscript to address the majority of the Reviewer’s concerns and comments. We have made 
significant modifications of the figures to increase the quality of the pictures. 
 
We opted to develop a new protocol to perform single-cell counting using ImageJ, free software 
developed by the NIH and accessible to everybody. As such, our protocol can be performed by all 
investigator independently of the brand of confocal microscope used. 
 
We illustrated single cell counting with ImageJ in Figure 5 by taking screen captures. Then, we gave two 
examples of single cell counting analyses with matching immunofluorescent staining: SMC and 
macrophage quantification in the fibrous cap area at two locations of the brachiocephalic artery in Figure 
6 and the quantification of RUNX2+ chondrogenic cells in Figure 7. 
 
We feel these modifications have increased the overall quality of the manuscript.  
 
We are looking forward to hearing from the JoVE editorial team. 
 

Sincerely, 
 

Delphine Gomez 
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SUMMARY:  27 
 28 
We propose a standardized protocol to characterize the cellular composition of late-stage murine 29 
atherosclerotic lesions including systematic methods of animal dissection, tissue embedding, 30 
sectioning, staining, and analysis of brachiocephalic arteries from atheroprone smooth muscle 31 
cell lineage tracing mice. 32 
 33 
ABSTRACT:  34 
 35 
Atherosclerosis remains the leading cause of death worldwide and, despite countless preclinical 36 
studies describing promising therapeutic targets, novel interventions have remained elusive. This 37 
is likely due, in part, to a reliance on preclinical prevention models investigating the effects of 38 
genetic manipulations or pharmacological treatments on atherosclerosis development rather 39 
than the established disease. Also, results of these studies are often confounding because of the 40 
use of superficial lesion analyses and a lack of characterization of lesion cell populations. To help 41 
overcome these translational hurdles, we propose an increased reliance on intervention models 42 
that employ investigation of changes in cellular composition at a single cell level by 43 
immunofluorescent staining and confocal microscopy. To this end, we describe a protocol for 44 
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testing a putative therapeutic agent in a murine intervention model including a systematic 45 
approach for animal dissection, embedding, sectioning, staining, and quantification of 46 
brachiocephalic artery lesions. In addition, due to the phenotypic diversity of cells within late-47 
stage atherosclerotic lesions, we describe the importance of using cell-specific, inducible lineage 48 
tracing mouse systems and how this can be leveraged for unbiased characterization of 49 
atherosclerotic lesion cell populations. Together, these strategies may assist vascular biologists 50 
to more accurately model therapeutic interventions and analyze atherosclerotic disease and will 51 
hopefully translate into a higher rate of success in clinical trials. 52 
 53 
INTRODUCTION: 54 
 55 
Atherosclerosis is the leading cause of morbidity and mortality worldwide underlying the 56 
majority of coronary artery disease, peripheral artery diseases, and stroke. Late-stage coronary 57 
atherosclerosis can lead to severe complications including myocardial infraction accounting for 58 
nearly 16% of world population mortality1,2. Due to its devastating impact on public health, 59 
substantial effort has been made to decipher the mechanisms driving atherosclerosis 60 
progression, as well as to develop novel therapeutic strategies. Yet, the Likelihood of Approval 61 
(LOA) rate of clinical trials for cardiovascular disease is among the lowest when compared with 62 
other clinical fields (only 8.7% for phase I)3. This can be explained in part by many barriers that 63 
atherosclerosis poses to efficient drug development including its nearly ubiquitous nature, 64 
clinically-silent progression, and significant disease heterogeneity. Moreover, the suboptimal 65 
design of preclinical animal studies can also be accounted for the lack of success in clinical 66 
translation. Specifically, we believe it is necessary to implement intervention studies whenever 67 
possible to investigate the efficacy of therapeutic strategies. Also, there is a critical need to 68 
perform standardized procedures for lesion analyses including advanced characterization of late-69 
stage atherosclerotic lesion cellular composition by fate mapping and phenotyping.  70 
 71 
The vast majority of atherosclerosis studies focus on models of atherosclerosis prevention 72 
consisting of drug treatment or gene manipulation (knockout or knock-in) in healthy young mice, 73 
prior to the disease initiation and progression. These studies have uncovered a large number of 74 
genes and signaling molecules that play a role in atherosclerosis development. However, most of 75 
these targets failed to translate to efficient therapies in human. Indeed, it is difficult to 76 
extrapolate the effect a therapy has on healthy young mice to elderly patients with advanced 77 
atherosclerotic lesions. As such, the implementation of intervention studies in the preclinical 78 
experimental pipeline likely provides a more accurate depiction of the relevance and efficacy of 79 
a new therapeutic. The idea is supported by the strikingly divergent effects of inhibiting the pro-80 
inflammatory cytokine Interleukin-1β (IL-1β) when employing a prevention4–6 or intervention 81 
strategy7. Differences between prevention and intervention studies suggest that different 82 
cellular processes occur at different phases of atherosclerosis development and highlights the 83 
fact that prevention studies are likely insufficient to model the clinical scenario adequately.  84 
 85 
The American Heart Association recently published a scientific statement detailing 86 
recommendations for proper experimental design, procedural standardization, analysis, and 87 
reporting of animal atherosclerosis studies8. It highlights the benefits and limitations of 88 



   

 
 

predominant techniques used in the field. For example, en face Sudan IV staining of the aorta is 89 
often performed as a first read-out. Although en face Sudan IV staining of lipid deposition is a 90 
suitable method for assessment of global plaque burden, it is unable to distinguish early-stage 91 
fatty streak lesions from more advanced late-stage lesions. As such, the interpretation of en face 92 
staining is often ambiguous and superficial9. Careful analysis of tissue cross sections using the 93 
morphologic parameters vessel, lesion, and lumen size and quantification of indices of lesion 94 
stability provides a more accurate understanding of the effect of an experiment. 95 
 96 
Finally, human histopathology studies have suggested that cellular composition is a better 97 
predictor of rupture than the lesion size itself, with lesions poor in smooth muscle cells (SMC) 98 
and rich in macrophages being more susceptible to rupture10,11. These observations were based 99 
on staining for markers classically used for cell identification (i.e., ACTA2 for SMC and LGALS3 or 100 
CD68 for macrophages). However, the expression of these markers is not strictly restricted to a 101 
single cell type in atherosclerotic lesions due to the plasticity of multiple lineages including SMC, 102 
endothelial cells and myeloid cells12. In particular, the unambiguous identification of SMC within 103 
atherosclerotic lesion was virtually impossible until the past decade because of the property of 104 
these cells to dedifferentiate and repress their lineage-specific marker genes (a process referred 105 
as phenotypic switching) in injured or diseased vessels13. This limitation in SMC identification has 106 
been circumvented by the development of lineage tracing7,14–24. It consists of permanently 107 
labelling SMC and their progeny to track their fate and phenotypic evolution during 108 
atherosclerosis progression by using a combination of the expression of Cre recombinase driven 109 

by SMC-specific promoters (i.e., Myh117,15,17-24, Acta225,26 and, SM2214,16) and the activation of 110 

reporters (e.g., fluorescent proteins, -galactosidase) [reviewed in Bentzon and Majesky 201827]. 111 
In one of the first studies employing SMC lineage tracing outside of embryogenesis setting, Speer 112 
et al.14 provided evidence that SMC can modulate their phenotype and transdifferentiate into 113 

chondrogenic cells during vascular calcification by using an SM22 Cre R26R LacZ lineage tracing 114 
model. Although these studies pioneered SMC lineage tracing, they were partially equivocal in 115 

that any given non-SMC expressing SM22 in the setting of the disease would be labeled by the 116 
reporter. This limitation has been bypassed by the development and use of tamoxifen-inducible 117 
Cre ERT/LoxP permitting a temporal control of cell labeling. Cell labeling occurs exclusively during 118 
tamoxifen delivery and will be restricted to the cell expressing the cell type-specific promoter 119 
driving Cre ERT expression at the time of tamoxifen exposure, avoiding tracing of alternative cell 120 
types activating Cre in the setting of disease progression. For lineage tracing of SMC in 121 
atherosclerosis, the tamoxifen-inducible Myh11-Cre/ERT2 transgene associated with fluorescent 122 
reporters (eYFP7,15,17,18,21, mTmG19,25, Confetti20,22,23 for clonal expansion studies) has 123 
demonstrated a remarkable efficiency and specificity in SMC labeling and has been used to fate 124 
map SMC populations in atherosclerotic lesions in recent studies. Importantly, these studies 125 
revealed that: 1) 80% of SMC within advanced atherosclerotic lesions do not express any 126 
conventional SMC markers (ACTA2, MYH11) used in immunohistological analysis and therefore 127 
would have been misidentified without lineage tracing17; 2) subsets of SMC express markers of 128 
alternate cell types including macrophage markers or mesenchymal stem cell markers16,17,19; and 129 
3) SMC invest and populate the atherosclerotic lesion by oligoclonal expansion and SMC clones 130 
retain plasticity to transition to phenotypically different populations20,23. To summarize, it is now 131 
clear that smooth muscle cells present a remarkable phenotypic diversity in atherosclerotic 132 



   

 
 

lesions and can have beneficial or detrimental roles on lesion pathogenesis depending on the 133 
nature of their phenotypic transitions. These discoveries represent a remarkable new therapeutic 134 
avenue for targeting SMC athero-promoting phenotypic transitions in late-stage atherosclerosis. 135 
 136 
Herein, we propose a standardized protocol for analyzing late-stage murine atherosclerotic 137 
lesions including systematic methods for animal dissection, embedding, sectioning, staining, and 138 
quantification of brachiocephalic artery lesions. To determine the effect of Interleukin-1β 139 
inhibition on SMC fate and phenotype, we used SMC lineage tracing ApoE-/- mice fed a western 140 
diet for 18 weeks before receiving weekly injections of an anti-IL1β antibody or isotype-matched 141 
IgG control. 142 
 143 
PROTOCOL: 144 
 145 
Animal breeding, handling and procedures were approved by the University of Virginia and the 146 
University of Pittsburgh Institutional Animal Care and Use Committee.  147 
 148 
1. Generation of SMC lineage tracing mice 149 

 150 
1.1. Breed Myh11-Cre/ERT2 males28 (Jackson Laboratory; #019079) with R26R-EYFP females 151 
(Jackson Laboratory; #006148) to obtain Myh11-Cre/ERT2+ R26R-EYFP+/+ males. 152 

 153 
1.2. Breed the Myh11-Cre/ERT2+ R26R-EYFP+/+ males with ApoE-/- female mice (Jackson 154 
laboratory; #002052). Cross the progeny and select by genotyping Myh11-Cre/ERT2+ R26R-155 
EYFP+/+ ApoE-/- male and R26R-EYFP+/+ ApoE-/- female mice as final breeders. Clip tails and perform 156 
genotyping on littermates. All male mice should be Myh11-Cre/ERT2+ R26R-EYFP+/+ ApoE-/- and 157 
can be used as experimental mice (Figure 1A). 158 

 159 
NOTE: Genotyping protocols can be found on the Jackson Laboratory website. The Myh11 160 
Cre/ERT2 transgene is located on the Y chromosome, precluding the use of females. Other 161 
lineage tracing systems can be used, but this system is to date the most reliable lineage tracing 162 
strategy to fate map SMC in atherosclerosis.  163 
 164 
2. Smooth muscle cell lineage-tracing mouse diet and treatments 165 

 166 
2.1. Have male Myh11-Cre/ERT2+ R26R-EYFP+/+ ApoE-/- mice receive a series of 1 mg tamoxifen 167 
injections from six to eight weeks of age to label permanently Myh11+ SMC with YFP and to track 168 
their fate (Figure 1A).  169 
 170 
2.1.1. Heat peanut oil at 55 °C. 171 
 172 
2.1.2. Add tamoxifen in pre-heated peanut oil to prepare a solution at 10 mg/mL and incubate at 173 
55 °C until complete dissolution of tamoxifen. 174 
 175 



   

 
 

2.1.3. Perform an intraperitoneal injection with 0.1 mL of 10 mg/mL tamoxifen solution for a 176 
series of ten injections over two weeks. 177 
 178 
NOTE: Tamoxifen is a biohazard and must be handled with care. 179 

 180 
2.2. Five to seven days after the last injection with tamoxifen, replace chow diet with high-fat 181 
diet (e.g., western diet; 42% kcal from fat; 0.2% total cholesterol) for a duration of 18 weeks to 182 
allow for the development of advanced atherosclerotic lesions, which consistently develops in 183 
multiple vascular beds including the aortic arch, aortic root, brachiocephalic artery and the 184 
abdominal aorta. 185 

 186 
2.3. At 18 weeks of high-fat diet feeding, begin therapeutic intervention for the desired duration 187 
(Figure 1B). 188 
 189 
NOTE: As an example, we performed weekly intraperitoneal injections with an anti-IL1β antibody 190 
or an isotype-matched IgG control between 18 and 26 weeks of high fat diet.  191 

 192 
2.4. Remove food to fast mice for 8 to 16 h prior to tissue harvesting to perform accurate readings 193 
for plasma cholesterol and triglyceride. 194 
 195 
3. Harvesting of the Brachiocephalic Artery (BCA) 196 

 197 
3.1. Animal euthanasia should follow Animal Care and Use Committee (ACUC) requirements and 198 
regulations. Euthanize the experimental mice by CO2 asphyxiation for approximatively 5 minutes 199 
and verify death by toe pinch. 200 

 201 
3.2. Weigh the mouse and collect blood. 202 
 203 
3.2.1. Weigh the mouse 204 
 205 
3.2.2. Spray the ventral side of the mouse with 70% Ethanol 206 
 207 
3.2.3. Perform cardiac puncture by inserting a 25G needle connected to a 1 mL syringe in the 208 
ventricle from the left side of the chest cavity. 0.1 to 1 mL of blood can be collected. 209 
 210 
3.2.4. Transfer the blood to an EDTA vacuum tube by flushing the syringe and place the tube on 211 
a rocker or rotator for 10-15 min.  212 
 213 
3.2.5. Transfer blood to a 1.5 mL tube and centrifuge for 10 minutes 250 x g at 4 °C. Carefully 214 
withdraw the top plasma phase with a pipette and adequate tips, and transfer to a new tube. 215 
Store at -20 °C prior to measuring cholesterol and triglycerides. 216 

 217 
NOTE: Whole blood can be used for additional studies including blood cell counts and other blood 218 
components including cytokines or immune cell profiling.  219 



   

 
 

 220 
3.3. Make an incision of approximatively 2 cm in the skin at the mid-abdomen using scissors and 221 
pull the skin to expose the abdominal cavity. Cut the peritoneum up to the sternum without 222 
damaging tissues. Make two cuts at the mid-axillary line through the thorax, being careful not to 223 
damage the heart and lungs.  224 
 225 
3.4. Lift the sternum with tweezers and cut the diaphragm to partially expose the heart. If the 226 
heart is not easily accessible, cut away the ribcage enough to reach the right atrium. 227 

 228 
3.5. Perfuse the mouse with a gravity perfusion system (Figure 2A). Install the gravity perfusion 229 
system such that the pressure of the perfusion fluid is equivalent to the average murine blood 230 
pressure (Figure 2B). This system allows for consistency in perfusion and both maintains the 231 
vessel morphology and flushes red blood cells. 232 
 233 
NOTE: As reference, C57Bl6 mice have a physiologic blood pressure between 120 mmHg (average 234 
systolic blood pressure) and 70 mmHg (average diastolic blood pressure)29,30. Average systolic 235 
and diastolic blood pressure can vary with mouse genetic background. 236 
 237 
3.5.1. Connect a 23 or 25G butterfly needle to the gravity perfusion system and run Phosphate-238 
buffered Saline (PBS) through the needle to expel the air from the tubes. Insert the needle into 239 
the left ventricle and secure the needle in place. Using iris scissors, make a small incision (< 2 240 
mm) into the right atrium or the ascending aorta. 241 
 242 
3.5.2. Perfuse with 5 mL of PBS, then 10 mL of 4% Paraformaldehyde (PFA) solution, then 5 mL 243 
of PBS. Use both PBS and 4% PFA solution at ambient temperature. 244 
 245 
3.5.3. Collect the tissues of interest (e.g., liver, lung, spleen) and place them in the 4% PFA 246 
solution. 247 

 248 
3.6. Expose the BCA 249 
 250 
3.6.1. Clean the neck area by removing the skin and salivary glands.  251 
 252 
3.6.2. Perform one cut down the midline of the sternum through the manubrium using scissors. 253 
Be careful that the scissors stay close to the back of the sternum to avoid damaging the 254 
vasculature located closely below the sternum. Pull both sides of the ribcage with forceps to fully 255 
open the chest cavity. Carotids should be partially visible.  256 
 257 
3.6.3. Clean up by pulling muscles and connective tissue and removing fat with fine tweezers until 258 
the right carotid, the brachiocephalic artery the subclavian bifurcation and the aortic arch are 259 
cleaned and isolated of surrounding connective tissue and fat (Figure 2C).  260 

 261 
3.7. Remove the BCA 262 
 263 



   

 
 

3.7.1. Using forceps, grab the right carotid below its bifurcation and make an initial cut above the 264 
forceps (Figure 2D). 265 
 266 
3.7.2. Still holding the carotid, make a second cut through the subclavian artery. The final two 267 
cuts are through the aortic arch, on either side of the brachiocephalic artery (Figure 2D). 268 
 269 
3.7.3. Collect other vascular tissues of interest (e.g., abdominal aorta, superior part of the heart 270 
containing the aortic root). 271 
 272 
3.7.4. Place the BCA and other tissues in 4% PFA solution overnight at room temperature. 273 
 274 
NOTE: The fixation time should be kept consistent throughout the study. 275 
 276 
4. Tissue processing and sectioning 277 

 278 
4.1. Remove the tissue from 4% PFA and place in a labeled tissue cassette (Figure 3A). Use foam 279 
pads in the cassette to ensure the tissue retain its orientation and remains in the cassette through 280 
the processing step (Figure 3B). Close the cassettes and immerse in 70% ethanol until tissue 281 
processing (24 to 72h). 282 

 283 
4.1.1. Process BCA and other tissues collected for histological and immunofluorescent staining as 284 
follows (example of routine overnight procedure using a processor with vacuum penetration): 285 
10% neutral buffered formalin for 30 min at ambient temperature (2x), 75% ethanol for 60 min 286 
at 30 °C (1x), 90% ethanol for 60 min at 30 °C (1x), 95% ethanol for 60 min at 30 °C (1x), 100% 287 
ethanol for 60 min at 30 °C (3x), xylene for 60 min at 30 °C (3x), and paraffin wax for 80 min at 62 288 
°C (3x). 289 

 290 
4.2. Embed BCA vertically, with the aortic arch closest to the block face (Figure 3C). 291 

 292 
4.3. Cut through the paraffin block on a rotary microtome (10 μm thickness) until reaching the 293 
embedded tissue. 294 

 295 
4.4. Once the tissue is visible, examine a section under a microscope to determine position. If the 296 
aortic arch is still visible, remove up to ten 10 µm sections at a time, examining a section at each 297 
interval.  298 

 299 
4.5. When the aortic arch has been sectioned through and the brachiocephalic artery is visible, 300 
adjust the orientation of the block to position the tissue completely perpendicular to the 301 
microtome blade. 302 
 303 
4.6. Cut the BCA at a section thickness of 10 µm. At that point, all sections are collected serially 304 
with three sections per slide. Collect until reaching the subclavian bifurcation (Figure 3D). 305 
 306 
NOTE: It is important to cut the BCA at a section thickness of 10 µm for subsequent z-stack 307 



   

 
 

confocal image acquisition and single cell counting. This thickness will allow the rigorous and non-308 
cofounding assessment of the association between a single nucleus and cytoplasmic or 309 
membrane staining though the depth of the cross section.  310 

 311 
5. Immunofluorescent staining 312 
 313 
NOTE: A complete characterization of atherosclerotic lesions includes assessment of 314 
morphological parameters and indices of plaque stability or instability and cellular composition 315 
that will not be the focus of the present protocol. Lesion morphology, collagen content, and 316 
intraplaque hemorrhage can be analyzed by Movat7,17, PicroSirius Red 7,31, Ter119 staining 7,18, 317 
respectively. Here, we will describe the protocol for analyzing the cellular composition of lesions.  318 

 319 
5.1. Incubate the slides in the following solutions at room temperature under a chemical hood: 320 
xylene for 5 min (2x), 100% ethanol for 5 min (2x), 95% ethanol for 5 min (2x), 70% ethanol for 5 321 
min (2x), and deionized H2O (diH2O) for 5 min (2x). 322 
 323 
5.2. Incubate slides in antigen retrieval solution according to manufacturer’s instruction. 324 
 325 
5.2.1.  With citric acid based antigen unmasking solution (see Table of Materials), dilute 3 mL of 326 
solution in 320 mL of diH2O. Place the slides in a staining reservoir and fill to the top with the 327 
prepared antigen retrieval solution.  328 
 329 
5.2.2. Fill any empty slots in the slide rack with blank slides to ensure even heating. Cover the 330 
container with a lid to allow the antigen retrieval solution to boil without evaporation.  331 

 332 
5.2.3. Heat the slides in a microwave for 20 min at approximately 675–700 watts. Check the slides 333 
regularly and replace evaporated liquid with diH2O such that sections remain submerged in 334 
unmasking solution at all times.  335 

 336 
5.2.4. Allow slides to cool down in solution for 1 h at room temperature. 337 

 338 
5.3. Dissolve 6 g of Fish Skin Gelatin (FSG) in 1 L of PBS. PBS/FSG is used as washing buffer. 339 
Prepare a blocking solution of 10% normal serum in PBS/FSG. 340 
 341 
NOTE: Fish Skin Gelatin is used in the preparation of the blocking buffer. FSG does not contain 342 
serum proteins that can cross-react with mammalian antibodies, minimizing background noise. 343 
However, other blocking option should be preferred with biotin detection systems as FSG 344 
contains endogenous biotin. The type of normal serum used is based on the secondary antibody 345 
used. When donkey secondary antibodies are used, normal horse serum should be selected for 346 
blocking and antibody dilutions. 347 

 348 
5.4. Incubate slides in PBS for 5 min at room temperature. Circle tissue sections with a 349 
hydrophobic pen. Cover the sections with the blocking buffer PBS/FSG/normal serum for 1 h at 350 



   

 
 

room temperature. Prepare the primary antibody solution in PBS/FSG/normal serum during this 351 
step while the tissues are blocking. 352 

 353 
5.5. Incubate with primary antibodies diluted in PBS/FSG/normal serum overnight at 4 °C in a 354 
humidity chamber. One section per slide should be incubated with a mix of IgG control antibodies 355 
at the same concentration as the primary antibodies to control for primary antibody specificity. 356 

 357 
5.6. Wash the slides as follows at room temperature: PBS/FSG for 5 min (3x), then PBS for 5 min 358 
(1x). 359 

 360 
5.7. Incubate with fluorophore-conjugated secondary antibodies (see Table of Materials) and 361 
diamidino-2-phenylindole (DAPI) for nucleus counterstaining diluted in PBS/FSG/normal serum 362 
for 1 h at room temperature. Protect slides from light. 363 

 364 
5.8. Wash slides as described in step 5.6. 365 

 366 
5.9. Mount slides using mounting media suitable for fluorescence (see Table of Materials). 367 

 368 
6. Confocal microscopy 369 
 370 
NOTE: The use of a confocal microscope and z-stack acquisition is critical for single-cell counting. 371 

 372 
6.1.1. Set acquisition parameters to be used throughout the study: image resolution (1024x1024 373 
or 2048x2048 pixels); Optical path and number of channels, which are a function of the 374 
combination of secondary antibodies selected; scanning speed (recommended scanning speed: 375 
7-8); and differential interference contrast (DIC) channel. 376 

 377 
6.2. Using sections stained with the primary antibodies and IgG control, set the detector 378 
sensitivity, laser power, and offset for each individual channel. The IgG control is used to minimize 379 
the background signal. 380 

 381 
6.3. Set up the upper and lower positions for z-stack acquisition. Predetermine the thickness and 382 
number of stacks to acquire. These parameters should remain consistent throughout the study. 383 
 384 
NOTE: We recommend imaging 8 to 10 stacks of 1 µm thickness. Stay consistent in the number 385 
of stacks imaged throughout the study. 386 
 387 
6.4. Image tissue sections stained with primary antibodies and IgG control for all channels 388 
including DIC. 389 

 390 
6.5. Label at least one image with a scale bar for image calibration during single cell counting. 391 
 392 
7. Single cell counting 393 
 394 



   

 
 

7.1. Install and open ImageJ. If necessary, download Plugins in the section Download > 395 
Input/Output of the ImageJ website to open the image file generated depending of the format 396 
of the images generated by the confocal microscope. 397 

 398 
7.2. Open the image file in ImageJ. 399 

 400 
7.3. Calibrate the image with a reference scale bar using the image generated in 6.6. 401 

 402 
7.4. Delineate the region of interest in which single cell counting will be performed using the DIC 403 
channel (Figure 4). 404 
 405 
NOTE: One region can be delineated at a time. Depending of the experimental questions, single 406 
cell counting can be performed in the entire lesion area (see 7.3.1) and/or in a sublocation of the 407 
lesion. For example, investigation of the fibrous cap area (see 7.3.2) is particularly relevant since 408 
its cellular composition is an important index of lesion propensity to rupture. 409 
 410 
7.4.1. Delineate the lesion area by following the lumen border (Figure 4A; white arrows) and the 411 
internal elastic lamina (Figure 4A; yellow arrows) visible on the DIC image. 412 
 413 
7.4.2. For analysis of the fibrous cap area, determine the border distant of 30 μm from the lumen 414 
and trace the border (Figure 4B-D). 415 
 416 
NOTE: The fibrous cap area is classically defined as the region enriched in ACTA2+ cells and 417 
collagen underlaying the lumen (Figure 4B). The enrichment in ACTA2+ cell and collagen plays a 418 
critical role in lesion stability. Previous studies have determined that the ACTA2+ cell rich fibrous 419 
cap area averages a thickness of 30 μm from the lumen in SMC-lineage tracing ApoE-/- mice fed a 420 
high-fat diet for 18 to 26 weeks (Figure 4C). Thus, meticulous characterization of the effects of 421 
genetic manipulation or pharmacological treatment on the fibrous cap area cellular composition 422 
is remarkably relevant.  423 
 424 
7.5. Open the Channels Tools panel (Image > Color > Channel Tools) and pseudo-color the 425 
different staining channels (Figure 5A; box 1). 426 

 427 
7.6. Merge the color channels (Image > Color > Merge Colors) (Figure 5A; box 2). All channels 428 
should be visible on the same image (Figure 5B). Turn on and off individual color channels using 429 
the Channel Tools panel (Figure 5A; box 1). 430 

 431 
7.7. Set up the counting tool. 432 
 433 
7.7.1. Right click on the Counting icon in the tool bar (Figure 5C; box 1) and select Multi-Point 434 
Tool.  435 
 436 
7.7.2. Double click on the same icon to open the Point Tool panel (Figure 5C; box 2).  437 
 438 



   

 
 

7.7.3. Select the type and size of the items used to count cells. 439 
 440 
7.7.4. Check Show all. 441 
 442 
7.8. Turn on the DAPI channel only in the Channel Tools panel and select the Counter channel 0 443 
(Figure 5C; box 3). Click on individual nuclei that will be tagged (e.g., yellow dots in Figure 5C-D). 444 
Scroll z-stacks to count all nuclei stained in the region of interest. The number of events is 445 
indicated below the counter channel in Point Tool panel (Figure 5C; box 4). 446 
 447 
7.9. Turn on another staining channel (e.g., eYFP staining). Select the Counter channel 1. Click 448 
cells in which there is a colocalization between DAPI and staining. For cytoplasmic staining, select 449 
cells for with staining surrounds the nucleus on the entire depth of the nucleus (check several z-450 
stacks). 451 

 452 
7.10. Repeat by modifying the staining combinations and selecting new Counter channels to 453 
count the cell populations of interest. Every dot color represents a different cell population 454 
(Figure 5D). Results can be expressed as number of cells to total number of DAPI or number of 455 
cells to region area. 456 
 457 
REPRESENTATIVE RESULTS:  458 
 459 
Myh11-Cre/ERT2 R26R-EYFP Apoe-/- mice were injected with tamoxifen between six and eight 460 
weeks of age before being fed a high fat diet. At 18 weeks of high fat diet feeding, two groups of 461 
eight mice were treated weekly with either a mouse monoclonal anti-IL-1β antibody or an 462 
isotype-matched IgG control at 10 mg/kg for 8 weeks (Figure 1)7. Mice were sacrificed and 463 
perfused with a 4% PFA-PBS solution. Brachiocephalic arteries were dissected, processed, and 464 
sectioned as described above (Figure 2 and Figure 3).  465 
 466 
After immunofluorescent staining with antibodies targeting the lineage tracing reporter (YFP) 467 
and phenotypic markers (ACTA2, LGALS3, RUNX2), a thickness of 8-10 μm of the BCA cross 468 
sections was imaged using a confocal microscope. Images of each individual staining, DAPI 469 
(nuclear staining), and DIC were acquired. Delineation of regions of interest for single cell 470 
counting (lesion, fibrous cap) was performed using DIC images (Figure 4). Single cell counting to 471 
determine the abundance of different SMC-derived populations was performed using ImageJ 472 
(Figure 5). 473 
 474 
We present two representative immunofluorescent staining and single counting assessing the 475 

effect of IL-1 inhibition on cellular composition in advanced atherosclerotic lesions. First, 476 
staining was done for the SMC lineage tracing reporter YFP, the SMC marker ACTA2, and the 477 
macrophage marker LGALS3 in cross sections at two different locations of the BCA (480 μm and 478 
780 μm from the aortic arch) (Figure 6). Single cell counting analysis in the fibrous cap region of 479 
these cross section were performed, and remarkable differences were found in the cellular 480 

composition of the fibrous cap area between mice treated with the anti-IL-1 antibody and mice 481 

treated with the isotype-matched IgG control (Figure 6A). Inhibition of IL-1 was associated with 482 



   

 
 

a decrease in YFP+ SMC and an increase in LGALS3+ cells (Figure 6B). Regarding the phenotypes 483 
of SMC populations, a decrease in the number of YFP+ACTA2+ SMC was observed, whereas the 484 
relative number of SMC-derived macrophages (YFP+LGALS3+) was significantly increased at both 485 
BCA locations (Figure 6C). 486 
 487 
Finally, we investigated the effect of IL-1β inhibition on the SMC phenotypic transition into 488 
chondrogenic cells. This phenotypic transition is an important driver of vascular calcification, 489 
major feature of late-stage atherosclerosis14,32,33. BCA cross-sections were stained for the SMC 490 
lineage tracing reporter YFP, the osteochondrogenic marker RUNX2, and the macrophage marker 491 
LGALS3 (Figure 7A). The abundance and the origin of the RUNX2+ chondrogenic cells were 492 
characterized within the lesion area in our two experimental groups. We found that inhibition of 493 

IL-1 did not impact the overall number of RUNX2+ cells within the lesion, nor the proportion of 494 
SMC-derived (YFP+RUNX2+) and macrophage-derived (YFP-LGALS3+RUNX2+) chondrogenic cells 495 
(Figure 7B). 496 
 497 
FIGURE AND TABLE LEGENDS: 498 
 499 
Figure 1: Intervention studies in Smooth Muscle cell lineage tracing mice. (A) Schematic 500 
representation of the Myh11-Cre/ERT2 R26R-EYFP Apoe-/- tamoxifen-inducible SMC specific 501 
lineage tracing mouse model. Treatment with tamoxifen induces recombination of the R26R-YFP 502 
locus and the excision of a STOP codon and the permanent expression of YFP by SMC. (B) 503 
Schematic of intervention studies in which Myh11-Cre/ERT2 R26R-EYFP Apoe-/- mice fed a 504 
Western diet for 18 weeks were injected weekly with the IL-1β antibody or an isotype-matched 505 
IgG control antibody at a concentration of 10 mg/kg for 8 weeks. 506 
 507 
Figure 2: Brachiocephalic artery dissection. (A) Schematic of a gravity driven perfusion system. 508 
The system is set up at a precise height allowing perfusion at a pressure close to the average 509 
systolic blood pressure in mice. The pressure slightly varies with volume height as liquid is used 510 
during perfusion between height h1 and h2. (B) Equation for calculation of the pressure of static 511 
fluids and determination of the height to reach a pressure of perfusion equal to the C57Bl6 mouse 512 
average systolic blood pressure. (C) Pictures of the proximal aorta and branching arteries in 513 
C57Bl6 mouse fed a chow diet (left picture) and Apoe-/- mouse fed a high fat diet for 26 weeks 514 
(right picture). The asterisk indicates the presence of atherosclerotic lesions. (D) Schematic of the 515 
proximal aorta and branching arteries. Red arrows represent cuts for isolation of the right carotid 516 
and brachiocephalic artery isolation and numbers indicate the order of the cuts.  517 
 518 
Figure 3: Tissue processing, embedding, and sectioning. (A) Photograph of an embedding 519 
cassette with BCA tissue. The BCA is positioned on a foam pad. (B) Zoom-in of the BCA positioned 520 
on the foam pad. The BCA is oriented with the aortic arch close to the label part of the cassette 521 
and the carotid straightened vertically. Scale bar: 1 cm. (C) Schematic of paraffin block after 522 
embedding of the brachiocephalic artery. (D) Schematic of serial slides with 10 µm-thick serial 523 
sections with indication of the distance from the aortic arch. 524 
 525 
Figure 4: Delineation of the atherosclerotic lesion and fibrous cap area. (A) Representative 526 



   

 
 

micrographs of DIC image atherosclerotic lesion in brachiocephalic artery cross-sections from 527 
Myh11-Cre/ERT2 R26R-EYFP Apoe-/-. The luminal and the internal elastic lamina borders are 528 
localized by white and yellow arrows, respectively (left panel). The lesion area is delineated by a 529 
dashed line (right panel) Scale bar: 100 µm. (B) Representative micrographs of DIC and ACTA2 530 
staining. Double-head arrows show the thickness of the ACTA2 staining within the area 531 
underlaying the lumen defining the fibrous cap area. (C) Quantification of the subluminal ACTA2+ 532 
thickness in Myh11-Cre/ERT2 R26R-EYFP Apoe-/- fed a high-fat diet for 18, 21 and 26 weeks. Using 533 
this strain of mice, the fibrous cap has an average thickness of 25-30 μm in advance 534 

atherosclerotic lesions. Results are expressed as mean  SEM. (D) Delineation of a fixed 30 μm 535 
thick fibrous cap area for single cell counting.  536 
 537 
Figure 5: Single cell counting using ImageJ. Screen captures illustrating key steps of single cell 538 
counting with ImageJ on images acquired by confocal microscopy. (A) Each individual staining 539 
channel and individual z-stack are visible by scrolling c: and z: bars at the bottom of the image. 540 
Staining channels are pseudo-colored using the Channel panel (1) Staining channels (YFP, LGALS3, 541 
ACTA2, DAPI for nuclear staining and DIC) are merged using the Merge Channel panel (2). (B) 542 
Results of channel merging for YFP, LGALS3, ACTA2, DAPI, and DIC. (C) Nucleus counting based 543 
on DAPI staining using the Counting icon (1) and Point Tool panel (2). A different counter channel 544 
is used for each cell population (3). The number of events counted is indicated below the counter 545 
channel (4). White rectangle: region enlarged on the right. (D) Representative image of single cell 546 
counting within the fibrous cap area (dashed line) for multiple cell populations including DAPI 547 
(yellow dots), YFP+ cells (magenta dots), YFP-LGALS3+ cells (cyan dots), YFP+LGALS3+ cells (orange 548 
dots), YFP+ACTA2+ cells (green dots), and YFP-ACTA2+ cells (dark blue dots). White rectangle: 549 
region enlarged on the right. 550 
 551 

Figure 6: Characterization of the effects of IL-1 inhibition on the cellular composition of the 552 
fibrous cap area at two distinct BCA locations of SMC lineage tracing Apoe-/- mice. (A) BCA 553 

cross sections at 480 μm and 780 μm from the aortic arch from mice treated with the IL-1 554 
antibody or the IgG control as shown in Figure 1 were stained for YFP, LGALS3, and DAPI (nuclear 555 
staining) and the section was imaged by DIC. Immunofluorescent channels were merged (bottom 556 
right panels). The dashed lines delineate the fibrous cap regions. Scale bars: 100 μm. (B) Single 557 

cell counting reveals that inhibition of IL-1 is associated with a significant decrease in YFP+ cells 558 
and an increase in LGALS3+ cells within the fibrous cap area. C) Within the YFP+ cell population, a 559 
decrease in YFP+ACTA2+ and an increase in YFP+LGALS3+ populations are observed. Results are 560 

expressed as mean  SEM. Statistical analysis: unpaired multiple t-test.  561 
 562 

Figure 7: Effect of IL-1 inhibition on the number of RUNX2+ chondrogenic cells with advanced 563 
atherosclerotic lesions. A) BCA cross sections are stained for YFP, LGALS3, RUNX2 and DAPI 564 
(nuclear staining), and all channels were merged (bottom panels). The dashed lines delineate the 565 

lesion area. Scale bars: 100 μm. B) Single cell counting shows that inhibition of IL-1 does not 566 
impact the total number of RUNX2+ cells within the lesion nor the proportion of RUNX2+ cells 567 
from SMC origin (YFP+RUNX2+; YFP+LGALS3+RUNX2+) and myeloid origin (YFP-LGALS3+RUNX2+). 568 

Results are expressed as mean  SEM. Statistical analysis: Unpaired multiple t-test.  569 



   

 
 

 570 
DISCUSSION: 571 
 572 
Despite decades of research and technical advances in studying atherosclerosis, the field has a 573 
disappointing history of translating scientific findings to clinical therapies34,35. This phenomenon 574 
may be explained in part by discrepancies in animal models, experimental designs, and lesion 575 
analyses. Herein, we describe an experimental pipeline that we used to analyze the cellular 576 
composition in advanced atherosclerotic lesions using lineage tracing mice7. This method allows 577 
for a meticulous investigation of cell fate mapping and phenotyping, which are key parameters 578 
controlled by potential mechanisms at play in advanced atherosclerotic lesions.  579 
 580 
The SMC-lineage tracing mouse model is a powerful tool to accurately track the fate and 581 
phenotypic modulations of this lineage and their contribution to atherosclerosis pathogenesis. 582 
The tamoxifen-inducible Cre-loxP system enables labeling of mature vascular SMC expressing 583 
MYH11 prior to the initiation of atherosclerosis. Compelling evidence using this system has 584 
demonstrated that atherosclerotic plaques are highly plastic and vascular SMC can undergo 585 
phenotypic switching, losing their contractile phenotype and SMC-specific markers, proliferating, 586 
migrating, and even transdifferentiating into macrophage-like cells17,18. In the present protocol, 587 
we show how lineage-tracing detection and immunofluorescent staining for markers of interest 588 
can be integrated to precisely determine phenotypic transitions undertaken by SMC and their 589 
relative frequency among other SMC populations. 590 
 591 
This methodology is highly complementary with other assays frequently performed in the field. 592 
First, assessment of atherosclerotic lesion burden by en face aortic preparations combined with 593 
lipid staining by Sudan IV is widely used due to its convenience and speed. However, this is an 594 
inadequate measure of key morphological parameters such as lesion size, lumen size, and vessel 595 
remodeling. Staining of en face aortic preparation by Sudan IV to visualize lipid deposition can be 596 
used to quantify relative lesion area within the aorta, but it can provide inconsistent staining of 597 
lesions, as only the neutral lipid component is visualized while regions occupied by other 598 
constituents, such as extracellular matrix, usually are neglected8. Moreover, en face staining is 599 
unable to inform about the lesion morphology and cannot distinguish between fatty streaks and 600 
advanced lesions. Vessel morphology is an important parameter used for evaluating 601 
atherosclerosis stage and rupture risk, including lesion size, lumen diameter, vessel 602 
remodeling7,36,37. These analyses require the conservation of the vessel morphology for proper 603 
quantification. Importantly, protocols for investigation of morphological parameters greatly 604 
overlap with the protocol detailed here. In particular, they rely on the use of a gravity-driven 605 
vascular perfusion system for PBS and fixative perfusion to provide greater consistency in the 606 
pressure applied. The gravity-driven infiltration system guarantees a constant flow speed and 607 
pressure between each independent mouse and prevents the inconsistency of manual force-608 
driven perfusion between independent experiments or researchers. The gravity perfusion system 609 
should be set up to induce perfusion at a pressure near the average murine blood pressure (70-610 
120 mmHg). Second, we provided a standardized and systematic method of embedding and 611 
sectioning for the brachiocephalic artery. By defining the start site of sectioning and quantifying 612 
the lesion area at multiple locations throughout the brachiocephalic artery, we can limit the 613 



   

 
 

random variation that comes with limited sampling. 614 
 615 
Flow cytometry is another technique highly complementary with immunofluorescent staining 616 
coupled with single cell counting that has been widely used in quantifying cell populations within 617 
atherosclerotic lesions38. It consists of the digestion of mouse aorta and labeling of the released 618 
cells with fluorescent antibodies. Flow cytometry offers a quantitative analysis of the cellular 619 
populations present in the aorta. However, like all technologies, flow cytometry has limitations. 620 
Despite the distinct benefit of fitting a large array of simultaneous markers, there is a complete 621 
loss of spatial resolution, and it becomes unclear whether a cell population is enriched in the 622 
fibrous cap or the necrotic core. Additionally, there is a risk of dilution effect since flow cytometry 623 
requires a large number of cells and often does not focus only on atherosclerotic areas. For this 624 
reason, immunofluorescence and flow cytometry can be used in a complementary manner to 625 
allow for both high dimensional profiling and lesion localization. 626 
 627 
Finally, the protocol is focused on the quantification of SMC populations in BCA advanced lesion 628 
using paraformaldehyde-fixed and paraffin-embedded tissue sections. However, this protocol 629 
can be used to investigate other vascular beds including the aortic root or the abdominal aorta, 630 
two vascular territories subject to atherosclerosis development. Systematic processing and 631 
sectioning of the aortic root have been previously well described8,39. As atherosclerosis develops 632 
at different locations and that genetic manipulation or therapeutic intervention can non-633 
homogenously impact these sites21, it is important to investigate as many vascular beds as 634 
possible to draw accurate conclusions. Immunofluorescent staining and single cell counting can 635 
also be performed using frozen sections. This might be necessary due to the incompatibility of 636 
antibodies with paraffin sections. Although the animal perfusion and tissue embedding will differ 637 
from this protocol, investigators can follow the rest of the experimental procedures described 638 
here.  639 
 640 
In conclusion, the techniques described here outline a systematic approach to analyzing lesion 641 
cell populations and phenotypes in late-stage murine atherosclerosis. This protocol can serve as 642 
a template to investigate lesion populations by immunofluorescent staining in all types of 643 
experimental design including early and late-stage atherosclerosis, as well as prevention and 644 
intervention studies.  645 
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Name of Material/ Equipment Company Catalog Number Comments/Description

16% Paraformaldehyde 

aqueous solution

Electron 

Microscop

y Sciences RT 15710 Tissue perfusion and fixation

23G butterfly needle Fisher BD367342

25G needle Fisher 14-821-13D 

A1 Confocal microscope Nikon Confocal microscope

ACTA2-FITC antibody (mouse)

Sigma 

Aldrich F3777 Primary Antibody

Alexa-647 anti goat Invitrogen A-21447 Secondary antibody
Antigen Unmasking solution, 

Citric acid based

Vector 

Labs H-3300 Antigen retrieval solution

Chow Diet

Harlan 

Teklad TD.7012

Coverslip Fisher 12-544-14 Any 50 x 24 mm cover glass
DAPI (4',6-Diamidino-2-

Phenylindole, 

Dihydrochloride) Invitrogen D1306 Nucleus fluorescent counterstaining

Donkey Alexa-488 anti-rabbit Invitrogen A-21206 Secondary antibody

Donkey Alexa-555 anti-rat Abcam ab150154 Secondary antibody
DPBS 10X without Calcium and 

Magnesium Gibco 14200166 PBS for solution dilutions and washes. Dilute to 1x in deionized water

Embedding cassette Fisher 15-182-701D

ETDA vacuum tube Fisher 02-685-2B

Ethanol 200 proof Decon 2701

Foam pad Fisher 22-222-012
Gelatin from cold water fish 

skin

Sigma 

Aldrich G7765

GFP antibody (goat) abcam ab6673 Primary antibody
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goat IgG control

Vector 

Labs I-5000 IgG control

High Fat Diet

Harlan 

Teklad TD.88137

ImageJ NIH Computer program https://imagej.nih.gov/ij/ 

LGALS3 antibody (rat) Cedarlane CL8942AP Primary antibody

LSM700 confocal microscope Zeiss Confocal microscope
Microscope Slides, Superfrost 

Plus Fisher 12-550-15

Microtome blades Fisher 30-538-35

Mouse IgG control

Vector 

Labs I-2000 IgG control

NIS element imaging software Nikon Imaging software for z-stack image acquisition

Normal Horse serum

Sigma 

Aldrich H1270

Pap Pen Fisher 50-550-221

Peanut oil Sigma P2144
Prolong gold Antifade 

mountant Invitrogen P36930 Mounting medium 

Rabbit IgG control

Vector 

Labs I-1000 IgG control

Rat IgG control

Vector 

Labs I-4000 IgG control

RUNX2 antibody (rabbit) Abcam ab192256 Primary Antibody

Syringe BD 309628 1 ml syringe

Tamoxifen Sigma T5648

Xylene Fisher X55K-4

Zen imaging software Zeiss Imaging software for z-stack image acquisition
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Response to the reviewer and editorial comments - JoVE59139 

 

We want to thank the Reviewers for the constructive comments and suggestions for revisions. 
We feel that we have addressed virtually all of the reviewers’ points and that the revised 
manuscript is much improved. For ease of review, our responses are in blue. 

 

Reviewer #1: 

 

Manuscript Summary: 

Mahan et. al. described a standard protocol to characterize the cellular composition of murine 
atherosclerotic lesions with paraffin-embedded sections, immunofluorescent staining and 
confocal microscopy with focus on the brachiocephalic arteries. The effect of Interleukin-1β 
inhibition on SMC phenotype is shown as an example. 

 

Major Concerns: 

Figure 4C is not clear and rather confusing, should be removed. 

We thank the reviewer for this comment and agree on the lack of clarity of Figure 4. Other 
reviewers raised a concern about the broad application of our single-cell counting method that 
we initially performed using the Nikon NIS-Elements software and possible inter-software 
variations. To address this concern, we have modified our protocol and described single-cell 
counting and phenotyping using ImageJ. Key parameter setting and representative pictures of 
single cell counting using ImageJ are included in Figure 5. 

 

Minor Concerns: 

Smooth muscle cell lineage-tracing mouse diet and treatment: 

- Temperature of PBS and PFA solutions for perfusion should be indicated 

PBS and 4% PFA solutions are used at room temperature. We added this information in the 
text. 

 

- Source of high fat diet should be indicated 

We indicated the source (vendor, catalog number) of high-fat and chow diet in the Materials list 
associated with the manuscript. 

 

Harvesting the Brachiocephalic artery 
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- In the protocol point #5 "Exposing the BCA." BCA abbreviation used should be indicated 
before in the text. 

We modified the text accordingly. We defined BCA the title of section 2: “Harvesting of the 
Brachiocephalic Artery (BCA).” 

 

- Protocol point #6 "Removing the BCA" Reference to figure 2C does not correspond to the 
figure 2C but to figure2B. 

We have modified Figure 2 and changed the references to Figure 2 subpanels accordingly. 

 

Tissue Processing and sectioning 

- The use of foam pads in the cassette to ensure the tissues retain correct orientation and 
remain in the cassette is difficult to imagine, to overcome this point a real picture of an 
embedding cassette with the artery should be included. In addition, a short description of the 
type and source of the embedding cassette used. 

We added a picture of the BCA and right carotid artery positioned in the cassette and added 
cassettes (Figure 3) and foam pads to the Materials list. 

 

- For how long where the cassettes immersed in 70% ethanol should be mentioned 

Cassettes are immersed in 70% ethanol solution for 24 to 72 hours. Cassettes remain in 70% 
ethanol solution until tissues processing. Although the time of immersion in 70% ethanol 
solution can vary based on laboratory or histology core facility schedules, we did not experience 
variation in immunofluorescent staining for the incubation times mentioned above. 

 

- Reference of Figure 2D on the text does not correspond with figure 

We have modified Figure 2 and changed the references to Figure 2 subpanels accordingly. 

 

- Description and source of microtome blade used should be included 

The reference of the microtome blades was added to the Materials list. 

 

- Reference of Figure 2E on the text does not correspond with figure 

We have modified Figure 2 and changed the references to Figure 2 subpanels accordingly. 

 

Immunofluorescence staining 

- Point #4, temperature to incubate the slides in PBS for 5 min should be indicated 
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All incubations in PBS are performed at room temperature. We added the information in the 
text. 

 

Representative results 

Figure 2A 

- "and Apoe-/- mouse fed a high fat diet for 26 weeks (right picture)" must be revised. Figure 2A 
right actually shows a 26-week-old Apoe-/- fed an 18 weeks high fat diet. 

We revised Figure 2A (now Figure 2C) accordingly. 

 

Figure 4 

- Figure 4A: A proper delineation of the atherosclerotic lesion image is not shown and should be 
including. 

We agree with the reviewer that the delineation of the regions selected for single-cell counting is 
critical. We decided to present in Figure 4 representative images illustrating how delineation of 
the lesion and fibrous cap areas are performed. We also included delineation of the areas of 
interest for single cell counting on each representative image in Figures 6 and 7. 

 

- Figure 4B: Figure legend does not correspond to actual figure and labels 

- Figure 4C: not essential for the methodology of this manuscript. 

We have modified the content of the figures, and we hope that the Reviewer will find that these 
revised versions provide more clarity to illustrate key steps of single cell counting (Figures 4 and 
5) and examples of staining and counting of the fibrous cap area (Figure 6) and lesion area 
(Figure 7). 

 

Discussion 

- Conclusion and other sentences such as: "This method allows for a meticulous assessment of 
lesion morphology and cellular composition" should be revised since the method described here 
does not provided steps to evaluate lesion morphology which includes lumen diameter but only 
provide a standard protocol to characterize the cellular composition as stated in the tittle. 

We agree with the Reviewer that although we routinely perform lesion morphology analysis 
based on Movat staining, our manuscript does not describe this protocol and focus on 
immunofluorescent staining based single cell counting. Consequently, we have carefully edited 
the discussion and removed any mention to lesion morphometric analysis. 
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Reviewer #2: 

 

Manuscript Summary: 

This manuscript describes a protocol to standardize the evaluation of advanced atherosclerotic 
lesions in the brachiocephalic artery of ApoE-deficient lineage-tracing mice. The standardized 
analysis of advanced plaques, in particular their cellular composition, could provide important 
information for future intervention studies. There are several issues that should be addressed by 
the authors. 

 

Major Concerns: 

 

1. A major problem is the low quality of the IF pictures shown in Figs. 3 and 4, making it 
impossible to evaluate the immunofluorescence data. In Fig. 3, the DAPI staining is not visible 
at all. Please provide higher resolution images for Figs. 3 and 4. In addition, show a better DAPI 
staining in Fig. 3 and scale bars in Fig. 4. 

We are sorry for the lack of quality of the pictures presented in the initial version of the 
manuscript. We carefully edited the figures, and we used images with a minimal resolution of 
300 dpi. Based on the reviewer comment, we also change the color of DAPI staining from blue 
to gray to increase the visibility. We added scale bars to all images (Figure 4, 6 and 7) except 
for representative images in Figure 5. These pictures are screen captures illustrating the key 
parameter setting and single cell counting using ImageJ. We also systematically added the 
delineation of the region subjected to single cell counting (i.e., fibrous cap area in Figure 6, and 
lesion area in Figure 7). 

 

2. Fig. 3 and Fig. 4: Compared to the staining of RUNX2 and YFP, the LGALS3 staining pattern 
looks very much different. Where are these proteins localized in the cells? Are the respective lF-
positive structures single cells? It is sometimes difficult to match DAPI and IF signal. How was 
the specificity of the antibodies validated? How reliable is single-cell counting performed by the 
image software (line 328)? Have authors validated automatic counting by comparing with 
manual counting? 

 

We thank the Reviewer for these pertinent questions: 

1. RUNX2 is a transcription factor localized in the nucleus. YFP and LGALS3 are located in the 
cytoplasm. 

2. Manual single cell counting allows the assessment of the association of cytoplasmic staining 
like YFP and LGALS3 with single nuclei (DAPI). We increase the brightness of DAPI for clarity. 
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3. Every staining is validated by the used of an isotype-matched IgG control. Confocal settings 
are based on the IgG control picture to assure that non-specific signal, if any, is excluded from 
the acquisition. 

4. All single cell counting data presented in the manuscript has been acquired by manual 
counting. We have not, thus far, found automated software to perform cell counting reliably. 

5. For broader applicability of our protocol and manuscript, we have replaced the use of a 
brand-specific microscope software by ImageJ, free software provided by the NIH. Of note, cell 
counting is still performed manually. ImageJ is used to visualize images and perform manual 
population annotations. 

 

3. It appears that some of the IF pictures contain "black boxes" that cover distinct parts of the IF 
stainings, e.g. in Fig. 3 upper row (IgG control) "LGALS3" or in Fig. 4B, "3. YFP+ counting". 
Please explain why. 

The pictures do not include any black box, modification, or alteration. We are sorry that the low 
quality of the picture or a mistake during the figure preparation leads the reviewer to this 
impression. We modify the figures to include high quality (300 to 600 dpi) images. We are happy 
to provide raw images upon request. 

 

4. It should be indicated that injection of tamoxifen and high fat feeding are animal experiments 
and require approval of animal protocols. Moreover, tamoxifen is a biohazard and must be 
handled with care. 

We have modified the manuscript accordingly. 

 

5. Lineage tracing should be explained in more detail. Please describe the used mouse lines 
(correct names with references) and how the experimental animals were generated by breeding 
and identified by genotyping. 

We extended the description of the lineage tracing system and the breeding strategy used to 
generate the experimental mice. We provided the reference of the three strains obtained from 
Jackson Laboratory and used to generate the atheroprone SMC lineage tracing mice (Myh11 
cre/ERT2+ R26R-EYFP+/+ ApoE-/-). We and others employed the generic strain names used in 
previous studies and listed as official nomenclature by Jackson Laboratory (mouse provider). 

 

6. Authors make a strong point about the importance of perfusing the mouse with a "gravity 
perfusion system" that mimics physiological blood pressure (120/70 mmHg). Please explain how 
this pressure can be achieved. 

We added a schematic of the gravity-driven perfusion station that we use in our laboratory and 
the equation to determine the pressure of perfusion (Figure 2).  
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The pressure is driven by the height of the column of liquid independently of the shape, total 
mass, or surface area of the liquid. The pressure is calculated as followed: 

P = r x g x h        with: 

P: Pressure in kg/ms2 or Pascal (Pa)        1 mmHg = 133.322 Pa 

r:  Density of fluid in kg/m3. The density of 4% PFA solution in PBS is 1016.8 kg/m3 

g: Acceleration of Gravity in m/s2 = 9.8 m/s2 

h: Height of fluid in m.  

With our system, the height of the fluid varies between h1 = 1.5 m and h2 = 1.35 m 

Thus, the pressure of perfusion is comprised between: 

P1 = 1016.8 * 9.8 * 1.5 = 14946.96 Pa = 112.11 mmHg and, 

P2 = 1016.8 * 9.8 * 1.35 = 13452.264 Pa = 100.9 mmHg  

 

In Figure 3, we included this equation and indicated the heights to reach the average systolic 
blood pressure in mice (120 mmHg). 

We also mentioned in the text that a perfusion pump can also control the pressure of perfusion. 
It allows a finer control and consistency in the perfusion pressure. However, this option is 
certainly more expensive and maybe less broadly available to in contrast with the gravity 
perfusion system that can be built by investigators. 

 

 

7. It is understand able that authors cite their own work on lineage tracing (e.g. refs 13 in line 
110; refs 15/16 in line 112 and line 426). However, they should present a more balanced 
introduction and discussion of the topic and also acknowledge the many other laboratories that 
have developed and used inducible lineage tracing of SMCs in atherosclerosis. In fact, this 
technique has been described already at the beginning of the 2000s. 

We revised the fourth paragraph of the introduction to not only more precisely describe how 
SMC lineage tracing works but also acknowledge studies that have been used SMC lineage 
tracing systems. We mentioned seminal studies by Speer et al. utilizing SM22 Cre LacZ mice to 
identify SMC transdifferentiating into chondrogenic cells [1]. However, we also highlighted the 
major limitations of non-inducible Cre systems. We also cited more exhaustive studies 
employing inducible SMC-specific Cre (Myh11 [2-5]; Acta2 [2, 6]) and other types of reporters 
(mTmG [2], Confetti or rainbow mice [3-6], and LacZ [7]). 

 

Please discuss the following issues in the section on "limitations of the methodology presented 
here" (beginning at line 466): 
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8. The analysis of a single vessel per mouse (brachiocephalic artery) might not be sufficient to 
get a realistic picture and should be combined with the analysis of additional atherosclerotic 
regions such as the aortic arch and abdominal bifurcations of the aorta. Similar results in 
different regions of the aorta should strengthen the relevance of the study. Also, considering the 
3Rs principle of animal experimentation, it would be welcome to obtain as many data as 
possible per mouse. 

We thank the reviewer for this pertinent comment. While the present protocol focuses on 
brachiocephalic artery analysis, similar studies can be done on other vascular beds using the 
same standardized procedures. Additional vessels of tissues of interest can be harvested at the 
same time (aortic root, aortic arch, abdominal aorta). Analysis of the aortic root region has been 
the focus of previous publications [8] including a JOVE manuscript [9]. We revised the 
discussion of the manuscript to include a discussion on the reviewer’s concern. 

 

9. Feeding ApoE-deficient mice a high fat diet for 26 weeks (18 weeks plus additional 8 weeks 
with/without intervention) will typically cause extensive atherosclerosis with large lesions and 
almost closed vessels or even death of the animals. In this model it will be difficult to detect pro-
atherosclerotic effects of genetic or pharmacological interventions. 

We respectfully disagree with the reviewer regarding the relevance of long-term intervention 
studies. We feel that a model in which the therapeutic intervention is performed on advanced 
atherosclerotic lesions recapitulates therapeutic interventions in patients with coronary artery 
disease. Indeed, atherosclerosis is an asymptomatic and silent disease in its first stage, and 
patients often experience symptoms with advanced atherosclerotic lesions. Besides, the 
mortality rate in mice between 18 and 26 weeks of high-fat diet does not exceed 5%. Using this 
experimental design, we were able to identify key modifications of atherosclerotic lesions after 
treatment with an anti-IL-1b antibody that are classically described as indices of plaque rupture. 

That said, by no mean, we suggest that the protocol described in our manuscript can only be 
used for long-term intervention studies. The standardized tissue processing, sectioning, 
staining, and analysis described here can be implemented for virtually all types of 
atherosclerosis studies (short and long-term, prevention and intervention). We included a 
statement reflecting this point in the discussion. 

 

10. Authors mention in the introduction (line 99-100) and discussion (line 436-437) that en face 
staining is unable to distinguish between fatty streaks and advanced lesion. It is, however, not 
clear how the present protocol can achieve this, if only advanced lesions are being analysed. 

Once again, we give as an example the implementation of a standardized protocol for 
atherosclerotic tissue harvesting, processing, sectioning, staining, and analysis using our recent 
study consisting in long-term high fat diet associated with a pharmacological intervention. This 
analysis of atherosclerotic vessel cross-section by immunofluorescent staining allows a rigorous 
investigation of the lesion size (based on DIC images; see figure 4) and cell composition and 
the determination of the stage of atherosclerotic lesions (fatty streaks vs. advanced lesions). In 
contrast, en face Sudan IV staining, while informative regarding atherosclerosis burden, cannot 
be used to assess the disease stage, lesion morphology, or cell composition. 
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11. The Myh11CreERT2 transgene is integrated on the Y chromosome, so only male mice can 
be studied. 

This is correct; the Myh11 Cre/ERT2 transgene is located on the Y chromosome precluding the 
use of female mice for these studies. This is a limitation for sex difference studies that we added 
to the list of limitations detailed in the last paragraph of the discussion. However, this is to date 
the most rigorous and reliable SMC lineage tracing system.  

 

Minor Concerns: 

 

12. Line 3: Revise title: "…composition in ADVANCED atherosclerotic lesions of… 

We agreed with this suggestion and modified the title accordingly. 

 

13. Line 133: How is the Tam solution prepared? 

The description of tamoxifen preparation has been added. 

 

14. Line 199: Fig. 2C should red Fig. 2B 

15. Line 225: Fig. 2D should read Fig 2C 

16. Line 238: Fig. 2E should read Fig 2D 

We fixed Figure 2 and its reference in the text. 

 

17. Line 246-248: "Lesion morphology, collagen content, and intraplaque hemorrhage can be 
analyzed by Movat, PicroSirius Red, Ter119 staining, respectively." Please include references 
to aid readers finding the corresponding protocols. 

References were added to the section mentioned above. 

 

18. Line 305: Give an example for "mounting media suitable for fluorescence". 

Reference of the mounting media is listed in the Materials List associated with the manuscript. 
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Reviewer #3: 

 

Manuscript Summary: 

This manuscript details a procedure for systematic characterization of morphology, and cell 
populations present in brachiocephalic arteries in murine models of atherosclerosis. The 
proposed protocol is intended to standardize assessment of lesions specifically in an 
intervention setting, but would also be applicable to prevention studies. This is a useful 
framework for anyone working in pre-clinical atherosclerosis models. 

 

Major Concerns: 

-Delineating fibrous cap area and/or necrotic core is an extremely important and non-trivial step 
in quantifying such sections. Please describe exactly how one would differentiate fibrous cap 
and necrotic core from the rest of the lesion. 

 

We agree with the reviewer that delineation of the lesion or sub-compartments of the lesions 
(i.e., fibrous cap, necrotic core) should be standardized to accurately compare the effects of two 
experimental conditions on the cellular composition and distribution. We added in the 
manuscript the description and representative images (Figure 4) of the delineation of the lesion 
and the fibrous cap area based on z-stack confocal images and published papers [10, 11]. 

 

- It is probably important to quantitate staining for various cell populations at some regular 
interval over the course of the whole BCA. Please suggest what you believe to be the optimum 
number of sections, and interval between them, that should be assessed. 

We thank the reviewer for this important remark. The standardized protocol that we present 
here allows the unambiguous analysis by IF staining at precise locations along the 
brachiocephalic artery. For cell composition analysis by IF staining, we suggest to stain and 
analyze the lesions at two distances from the aortic arch. We suggest in the manuscript to 
analyze sections at 480 µm and 780 µm from the aortic arch. Additional locations can be 
investigated, but there should be consistency in the number of sections and their locations. 

We included in the revised version of the manuscript an example of single cell counting at two 
different locations of cell populations within the fibrous cap area (Figure 6). 

 

Minor Concerns: 

- Good fixation is not indicated by livery discoloration. Liver discoloration indicates sufficient 
removal of blood, but does not necessarily indicate proper fixation. 

We agree with the reviewer. We removed the inaccurate sentence from the text. 
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- Gravity-driven perfusion does not guarantee constant flow speed and pressure. It is highly 
prone to variability due to bubbles in the lines, user error when it comes to placement of the 
needle in the heart, duration of time the mouse is in the CO2 (i.e. quality of the heart to pump 
the fluid through the circulation), etc. Perhaps describe how you set up your system such that 
you achieve 70-120mmHg pressure. 

Although the use of a gravity perfusion system does not guarantee a lack of variation of flow 
speed and pressure of PBS or PFA solutions, by far this method permits a much higher 
consistency than manual syringe perfusion. Also, perfusion of PBS and PFA solutions at a 
pressure close to physiological blood pressure avoids major alteration of the vessel and 
atherosclerotic lesion morphology. As indicated in the protocol, bubbles in the tubing system are 
flushed out before insertion of the needle into the apex of the left ventricle. All parameters 
including the time of euthanasia into the CO2 chamber, the location of insertion of the needle in 
the apex of the left ventricle, the volume of solutions perfused are kept as consistent as 
possible. We added in Figure 2 a schematic of the gravity perfusion system. We also included 
calculation of the height range for the gravity perfusion system based on the hydrostatic 
pressure equation: Pressure = density of fluid * acceleration of gravity * height. 

 

- Line 227: I don't know what you mean by "face the blocks." Do you mean section the blocks? 

Facing a block consists in removing the top section of the block where there is only paraffin, but 
not the tissue. Once sections include the tissue, they should be collected for careful assessment 
of the location and orientation. We rephrased the sentence in the manuscript. 

 

- line 239: perhaps explain why less than or more than 10um sections would not be desirable. 

Unlike thinner sections, 10 µm thick sections allow the quantification and unambiguous 
characterization of a larger number of cells. The acquisition of 8 to 10 µm thickness by stacks of 
1 µm using a confocal microscope permits to associate a given staining (e.g., YFP, ACTA2, and 
LGALS3) to a single nucleus more accurately. Assessing the colocalization of the lineage 
tracing reporter and other phenotypic markers with single nuclei along several consecutive 
stacks is critical to avoid inaccuracy due to the proximity of several cells. This point has already 
been discussed [12, 13] and justify the use of 10 µm-thick sections and z-stack confocal 
microscopy. 

 

- Line 268: perhaps list how many watts that ends up being in your microwave? 

For antigen retrieval treatment in the microwave, we set up the machine at 50% power. 
Considering that our microwave has a maximal power of 1350W, the wattage during the antigen 
retrieval incubation is 675. Higher wattage can be used, but it will require optimization of the 
time of incubation. 

 

- The description of single-cell counting seems fairly specific to your software. Hopefully the 
video associated with this manuscript will show how this is done in such a way that it is 
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generalizeable across software platforms. Is there open-source software that could be used for 
this? 

We thank the reviewer for this highly pertinent comment and the great idea to adapt the protocol 
to open-source software. We elected to develop a single cell counting protocol using Image J, 
NIH supplied free software. The text has been modified accordingly, and Figure 5 illustrates the 
key steps of the procedure using Image J as well as representative pictures of counting. 

 

- The figures seem to be in a low-quality format and the IFs are difficult to see in the reviewer 
version. I cannot see the annotations in figure 4. 

We apologize for the low quality of the figures in the previous version of the manuscript. We 
increase the quality of the images. 

 

 

Reviewer #4: 

 

Manuscript Summary: 

The manuscript describes a protocol for quantification of smooth muscle cell-derived cells in 
atherosclerotic lesions using genetic lineage tracing. Detailed protocols covering the entire 
experiment from genetic labelling, diet, dissection, tissue processing to immunostaining, 
imaging and quantification are included. While protocols for individual steps are readily available 
elsewhere, this presents a comprehensive collection that would be very useful to newcomers to 
the field. However, the protocol is very biased as detailed below, which limits it's quality. This 
could be accounted for by discussing alternative analyses. 

 

Major comments: 

Atherosclerotic lesions are very heterogeneous and the region considered for quantification has 
immense impact on the result. In the present manuscript this is very poorly described (line 330: " 
Delineate the region to analyze "). It is crucial that this delineation is more clearly described: 
how are the regions selected for quantification, and how are the appropriate regions identified in 
a confocal image (ie w/o H&E staining - even if this is provided for an adjacent section). 

We thank the Reviewer for this comment highlighting the lack of information in the initial version 
of our manuscript.  

First, we agree with the reviewer that if possible, the analysis should not be limited to one 
vascular bed and that vascular territory-specific differences can appear after pharmacological or 
genetic interventions. We focused on analyzing the cell composition and the SMC phenotype in 
the brachiocephalic artery, but similar analyses can be done on cross-sections of the aortic 
sinus or abdominal aorta. We mentioned this point in the discussion section of the revised 
manuscript. 
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Second, we provided more details regarding the delineation of regions of interest, namely the 
lesion area and the fibrous cap area, based on confocal images (see new Figure 3). We use 
Differential Interference Image (DIC) to localize precisely the intima and the internal elastic 
lamina. We trace along these borders to delimit the lesion area. The fibrous cap is classically 
defined the accumulation of Acta2+ cells and extracellular matrix components (including 
collagen) under the endothelial layer. Previous studies have shown that the average thickness 
of the fibrous cap in Apoe-/- mice fed with a WD for 18 to 26 weeks was 30 µm [10, 11, 14]. 
However, as highlighted by the Reviewer, plaques may not have a fibrous cap with a constant 
thickness or a continuous coverage of the endothelial layer. That said, we believe that the 
detailed analysis of the cellular composition in the 30µm-thick area localized under the 
endothelial layer (30µm fibrous cap area) is an objective and unbiased method to ascertain the 
changes in this critical region. The combination of DIC and ACTA2 channels allows measuring 
the 30 µm thick area under the intima. Examples of delineation of the lesion and the fibrous cap 
areas are shown in Figure 3. 

 

The protocol describes analysis of lesions in the BCA of Myh11-CreERt2/EYFP/ApoE-null 
animals using FFPE, which appears unjustly restricted. In my opinion this should be corrected. 
For example, 

* The advantages and disadvantages of FFPE are discussed, but it would be beneficial to 
mention alternatives - such as analysis of frozen samples to allow for direct detection of 
fluorescent protein expression, eliminating potential issues with antibody specificity 

* Atherosclerosis development in different vascular beds appear to be differentially controlled 
(e.g. Newman et al JCI insight 2018), hence the focus on a single vascular bed might obscure 
important effects 

* Other reporters have been used successfully for smooth muscle cell lineage tracing 

We agreed with the reviewer and mentioned that similar immunofluorescence analysis of frozen 
sections in the discussion section. This protocol focuses on the analysis of BCA lesions by 
immunofluorescent staining on PFFE tissue sections. By no mean, this analysis excludes the 
use of alternative tissues, vascular beds and the implementation of complementary techniques. 
We have developed further this point in the discussion section. 

Other lineage-tracing strategies have been reported including the use of alternative inducible 
Cre [1, 2, 6], and labeling (tomato/GFP [2], rainbow or confetti for clonal expansion analysis [3-
6]). We have expanded the introduction section on SMC lineage tracing to reflect these 
alternatives as well as to mention the first generation of lineage tracing systems used in the 
2000’s by Speer et al. [1]. However, we emphasize that an inducible system be necessary for 
rigorous tracing of the SMC. Indeed, a caveat of the use of lineage tracing models employing 
non-inducible Cre systems, such as the widely used SM22 Cre LacZ is that any cell not coming 
originally from the SMC lineage would be positive for the tracing system upon activation of the 
SMC marker gene.  

 

The manuscript includes data on how IL1beta neutralising antibody treatment affect Runx2 
expression in the plaque. This data is derived from animals used for a recently published study 
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(Gomez et al Nat Med 2018). This point is not a concern - however, the data collection (region 
of analysis, number of cells quantified etc) is poorly described and the data is only compared for 
all cells. The conclusions made appears to be based on very preliminary analysis and in my 
opinion this data should not be included. 

We think that it provides an example of analysis that can be performed with this protocol. 
However, we agree with the reviewer that the description of the quantification parameters was 
missing. In the new version of the manuscript, we provided two examples of single cell counting 
in the fibrous cap area (Figure 6) or the lesion area (Figure 7). We have provided more detail 
about these analyses in the representative results sections. 

 

Minor comments: 

References to figure 2 are wrong 

We have modified Figure 2 and revised the references in the text. 

 

The genotype annotation (line 131: Myh11 ERt2 Cre YFP Apoe-/-, sometimes R26R is used 
with YFP) is unconventional. 

We revised the manuscript to employ consistent genotype annotations: Myh11 Cre/ERT2 and 
R26R eYFP. These annotations have been used before and are listed as official nomenclature 
by Jackson Laboratory. 

 

 

Tissue processing conditions: 

* Appear to lack an ethanol gradient - is this a typo? 

We thank the reviewer for noticing our mistake. We corrected the tissue processing protocol. 

 

* Conditions appear harsh (length of incubation times) for mouse BCA, with the risk of drying out 
the tissue and introducing artifacts 

We corrected the tissue processing protocol. We routinely use this protocol, and we have not 
found that it introduces artifacts or alterations of the tissue. 

 

* It would be worth mentioning that Xylene can be substituted with other clarifying agents that 
are more friendly to the environment and the operator (e.g. Histoclear) 

Although we agree that environment-friendly reagents should be suggested when possible, we 
have reservations stating in the article that Histoclear is a good substitute to Xylene since we 
have never tested and compared the use of Xylene and Histoclear. 
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Details lacking: 

 

Details of the tamoxifen solution makeup to ensure bioavailability should be included (line 154) 

Tamoxifen is dissolved in preheated peanut oil and incubated at 55 °C on a rotator until the full 
dissolution of Tamoxifen. A more detailed protocol has been included in the revised version of 
the manuscript. 

 

Reference for EDTA vacuum tube needed (line 155) 

The reference and catalog number of the EDTA vacuum tube have been added to the Materials 
list associated with the manuscript. 
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Editorial comments: 

Changes to be made by the author(s) regarding the manuscript: 

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

The manuscript was carefully proofread. 

 

2. Please define all abbreviations before use. 

All abbreviations are defined before use. 

 

3. Please include an ethics statement before your numbered protocol steps, indicating that the 
protocol follows the animal care guidelines of your institution. 

We added the ethics statement. 

 

4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For 
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from 
using bullets, dashes, or indentations. 

We edited the manuscript accordingly. 

 

5. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", 
"our" etc.). 

We edited the manuscript accordingly. 

 

6. Please revise the protocol to contain only action items that direct the reader to do something 
(e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in 
complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” 
and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense 
may be added as a “Note.” Please include all safety procedures and use of hoods, etc. 
However, notes should be used sparingly and actions should be described in the imperative 
tense wherever possible. Please move the discussion about the protocol to the Discussion. 

7. Please revise the Protocol steps so that individual steps contain only 2-3 actions per step and 
a maximum of 4 sentences per step. Use sub-steps as necessary. 

We edited the manuscript accordingly. 

 

8. Please add more details 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. 



Mahan et al. JoVE59139 

 16 

Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, 
add references to published material specifying how to perform the protocol action. See 
examples below. 

We edited the manuscript accordingly. 

 

9. Line 154: Please describe how to perform cardiac puncture. What volume of blood is 
collected? 

We provided a more detailed description of the cardiac puncture. 

 

10. Line 157: What is used to withdraw the top plasma phase? 

Pipette and tips. We edited the manuscript accordingly. 

 

11. Lines 162-167: Please specify all surgical instruments used. How large is the incision?  

The incision is made with scissors and is approximatively ~ 2cm large. We edited the 
manuscript accordingly. 

 

 

12. Lines 179: How large is the incision? 

The incision is approximatively ~ 2mm large. We edited the manuscript accordingly. 

 

13. Line 259: What does diH2O refer to? 

diH2O refers to deionized H2O. The abbreviation is now defined after its first use. 

 

14. Line 262: Please add more specific details (or move the details in lines 263-271 to the actual 
step). 

We edited the manuscript accordingly. 

 

15. Line 284: Please specify incubation temperature. 

We edited the manuscript accordingly. 

 

16. Line 315-316: Please provide specific values (ranges). 

We edited the manuscript accordingly. 
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17. Lines 330-337: Software steps must be more explicitly explained ('click', 'select', etc.). 
Please add more specific details (e.g. button clicks for software actions, numerical values for 
settings, etc.) to your protocol steps. 

We edited the manuscript accordingly. 

 

18. Please include single-line spaces between all paragraphs, headings, steps, etc. 

We edited the manuscript accordingly. 

 

19. After you have made all the recommended changes to your protocol (listed above), please 
highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the 
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the 
most cohesive story of the Protocol. 

We highlighted the steps that should be included in the video. 

 

20. Please highlight complete sentences (not parts of sentences). Please ensure that the 
highlighted part of the step includes at least one action that is written in imperative tense. 
Please do not highlight any steps describing anesthetization and euthanasia. 

Done. 

 

21. Please include all relevant details that are required to perform the step in the highlighting. 
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 
highlighted. 

Done. 

 

22. Please remove commercial language and use generic terms instead: Shandon Excelsior, 
Eppendorf, etc. 

We edited the manuscript accordingly. 

 

23. Figure 2D: Please include a space between all numbers and their corresponding units (i.e., 
10 µm, 130 µm, 280 µm, etc.). 

We edited the figures accordingly. 
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24. Figure 3: Please also explain the DAPI and Merge images in the figure legend. 

We edited the figure legends accordingly. 

 

25. Figure 5: Please define error bars in the figure legend. 

Results are expressed as mean ± SEM. We added this information in figure legends. 

 

26. References: Please do not abbreviate journal titles. 

We used the JoVE style output in Endnote for citation and bibliography formatting. 
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Response to editorial comments – Resubmission 2 - JoVE59139 

 

We have modified the figures accordingly to the editor’s requests. 

 

Editorial comments: 

1. Figure 2B: “Heigh” should be “Height”. 
We modified Figure 2B accordingly. 

2. Please remove ‘Figure 1”/”Figure 2”/etc. from the Figures themselves; please remove 
unnecessary white space as well. 
We removed the title on each figure and the extra white space as requested. 

Rebuttal Letter - Revision2 _ Editor's comments Click here to access/download;Rebuttal Letter;Response to the
editorial comments R2.pdf

http://www.editorialmanager.com/jove/download.aspx?id=937241&guid=ae474710-46fb-4437-a3d0-011480ea29b5&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=937241&guid=ae474710-46fb-4437-a3d0-011480ea29b5&scheme=1

