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SUMMARY: 25 
This protocol describes a technique to image different cell populations in draining lymph nodes 26 
without alterations in the organ structure.  27 
 28 
ABSTRACT: 29 
Lymph nodes (LNs) are organs spread within the body, where the innate immune responses can 30 
connect with the adaptive immunity. In fact, LNs are strategically interposed in the path of the 31 
lymphatic vessels, allowing intimate contact of tissue antigens with all resident immune cells in 32 
the LN. Thus, understanding the cellular composition, distribution, location and interaction using 33 
ex vivo whole LN imaging will add to the knowledge on how the body coordinates local and 34 
systemic immune responses. This protocol shows an ex vivo imaging strategy following an in vivo 35 
administration of fluorescent-labeled antibodies that allows a very reproducible and easy-to-36 
perform methodology by using conventional confocal microscopes and stock reagents. Through 37 
subcutaneous injection of antibodies, it is possible to label different cell populations in draining 38 
LNs without affecting tissue structures that can be potentially damaged by a conventional 39 
immunofluorescence microscopy technique.  40 
 41 
INTRODUCTION:  42 
Lymph nodes (LNs) are ovoid-shaped organs widely present throughout the body with the crucial 43 
function of bridging the innate and adaptive immune responses. LNs filter the lymph in order to 44 
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identify foreign particles and cancerous cells to mount an immune response against them1. 45 
Antigen presenting cells (APCs), T cells and B cells work alongside to generate antigen-specific 46 
antibodies (humoral immunity) and cytotoxic lymphocytes (cellular immunity) to eliminate the 47 
foreign particles and cancerous cells2. Thus, understanding the dynamics of the immune cells 48 
present in the lymphatic system will have important implications for the vaccine development 49 
and cancer immunotherapy.  50 
 51 
The advent of powerful microscopes - including new confocal and super resolution microscopes 52 
- has allowed an extraordinary advancement in understanding how different immune cell 53 
populations behave in their native environment3. It is now possible to image several 54 
simultaneous cell subtypes using a combination of probes with genetically modified mice that 55 
express fluorescent proteins under control of specific targets4,5. In fact, high dimensional 56 
techniques, including mass cytometry and multi-parametric flow analysis have been crucial to 57 
expanding our knowledge on different immune cell compartmentalization and functionality in 58 
the health and disease6,7. However, to prepare samples for these techniques, tissues need 59 
digestion and cells are separated from their natural milieu to be analyzed in cell suspensions. To 60 
surpass these limitations and allow a better translation in biology, the goal of the protocol 61 
proposed here is to apply a straightforward methodology to image ex vivo whole lymph nodes 62 
using stock confocal microscopes with the benefit of improved speed, tissue structure 63 
preservation, and cell viability compared to the conventional immunofluorescence staining. By 64 

using this approach, we were able to show that mice deficient for  T cells, a subtype of T 65 
lymphocyte involved in host early defense against pathogens4, have compromised follicles and T 66 
cell zones as compared to wild type mice. These findings allowed us to pursue a study in which 67 

we demonstrated that  T cells play a critical role in the homeostasis of lymphoid organs and 68 
humoral immune response4. Furthermore, this protocol provides a physiologic pathway for 69 
probes and antibodies to reach the lymph node, as they are administered subcutaneously and 70 
dissipate through the tissue lymphatic circulation, building on previous reports that used in situ 71 
labeling with antibodies to visualize lymphatic-associated structures8,9, germinal center 72 
dynamics10,11,12, and targets readily accessible to blood flow13,14,15.  73 
 74 
PROTOCOL: 75 
The protocol was approved by the Standing Committee on Animals at Harvard Medical School 76 
and Brigham and Women’s Hospital, protocol 2016N000230. 77 
 78 
1. Mice used for the experiment 79 
 80 
1.1. Use 8-week old male and female mice on the B6 background for administering the antibody 81 
mix. 82 
 83 
1.2. Use CX3CR1GFP/WTCCR2RFP/WT mice to determine whether ex vivo whole LN imaging can also 84 
be applied to reporter mice without administering antibody mix as well as to investigate the 85 
presence of mononuclear cells, including antigen presenting cells and phagocytes, and their 86 
distribution in the LN. 87 
 88 
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NOTE: CX3CR1GFP/WTCCR2RFP/WT reporter mice have green fluorescent protein (GFP) and red 89 
fluorescent protein (RFP) inserted under the control of CX3CR1 and CCR2 promoters, 90 
respectively. Reporter mice can be used with or without the injection of the antibody mix. Please 91 
see reference 4 for antibody mix injection in a reporter mouse. Proceed to surgery if no antibody 92 
will be injected. 93 
 94 
2. Antibody mix preparation and injection 95 
 96 
NOTE: Perform these steps on mice described in step 1.1. 97 
 98 
2.1. Dilute 1:10 of brilliant violet (BV) 421 anti-CD4 (GK1.5; 0.2 mg/mL), 1:10 of brilliant blue (BB) 99 
515 anti-CD19 (1D3; 0.2 mg/mL) and 1:20 of phycoerythrin (PE) anti-F4/80 (T45-2342; 0.2 mg/mL) 100 
in PBS with the appropriate final volume to inject into the inner thigh (to image inguinal) or into 101 
the paw pad (to image popliteal) lymph.  102 
 103 
NOTE: Use as isotypes: BV421 Mouse IgG2b, k Isotype Control (R35 -38; 0.2 mg/mL); PE 104 
Rat IgG2a, κ Isotype Control (R35-95; 0.2 mg/mL); BB515 Rat IgG2a, κ Isotype Control 105 
(R35-95; 0.2 mg/mL). If changing the staining antibody, use correct isotype.  106 
 107 
2.2. To image inguinal LN, inject 100 µL of the antibody mix subcutaneously into the inner thigh 108 
(Figure 1A). Alternatively, inject 50 µL subcutaneously of antibody mix into the paw pad to image 109 
popliteal LN (Figure 2A). Use delicate 1 mL Insulin syringes, (Insulin U-100) with the needle of size 110 
0.30 mm × 13 mm (30 gauge × ½ inch). 111 
 112 
NOTE: Ensure that the injection for inguinal LN staining is subcutaneous and not intramuscular 113 
(i.m.), as antibody mix will not be properly drained if i.m. administration is performed.  114 
 115 
2.3. Do not anesthetize animals before antibody mix injection.  116 
 117 
2.4. Wait for a minimum of 3 h (inguinal dLN) and 12 h (popliteal dLN) post injection to remove 118 
the organs.  119 
 120 
2.5. If LN cell labeling is not completely observed using large polymer fluorescent dyes such as 121 
brilliant violet or brilliant blue, use smaller fluorophores, including fluorescein isothiocyanate 122 
(FITC), PE and allophycocyanin (APC) as an alternative. 123 
 124 
3. Surgery procedure to remove the inguinal draining lymph node  125 
 126 
3.1. Euthanize mice using CO2 asphyxiation followed by cervical dislocation. 127 
 128 
3.2. Immobilize mice on the acrylic stage with adhesive tape and apply mineral oil with a cotton 129 
swab to the abdominal skin to prevent fur deposition around the incision (Figure 1B). Fur removal 130 
is not necessary. 131 
 132 
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3.3. Perform a midline incision using microsurgery curved scissors (11.5 cm) and microsurgery 133 
curved forceps (12.5 cm) in the abdomen from the pubis to the xiphoid process (Figure 1C). 134 
 135 
3.4. Dissociate the abdominal musculature from the skin (Figure 1D). 136 
 137 
3.5. Make horizontal skin incisions at the top and bottom of the vertical incision line to create 138 
skin flaps on side of interest (according to the side of the antibody mix injection) and flap the skin 139 
to visualize the lymph node (Figure 1E).  140 
 141 
3.6. Tape the skin-flap on the acrylic plate (Figure 1F). 142 
  143 
3.7. Remove the inguinal draining lymph node using microsurgery curved forceps (Figure 1F). 144 
Lymph node will appear as a translucid, usually bilobular, sphere under the skin. 145 
 146 
4. Surgery procedure to remove the popliteal draining lymph node  147 
 148 
4.1. Euthanize mice using CO2 asphyxiation followed by cervical dislocation. 149 
 150 
4.2. Immobilize mice at a prone position on acrylic stage with adhesive tape and apply mineral 151 
oil with a cotton swab in the calf and knee (Figure 2A-D). 152 
 153 
4.3. Perform a midline incision in the calf from the heel to the knee (Figure 2E,F). 154 
 155 
4.4. Dissociate the calf musculature from the skin (Figure 2F,G). 156 
 157 
4.5. Expose the popliteal fossa (Figure 2G). Popliteal lymph node will appear as a translucid 158 
sphere in the popliteal fossa. 159 
 160 
4.6. Remove the popliteal lymph node using microsurgery curved forceps (Figure 2G). 161 

 162 
4.7. Alternatively, turn the mouse over on supine position, and approach the popliteal fossa 163 
between biceps femoris and semitendinosus for popliteal LN removal by performing a midline 164 
incision in the calf from the heel to the knee followed by dissociation of the calf musculature 165 
from the skin.  166 

 167 
NOTE: Popliteal fossa is a shallow depression located at the back of the knee joint. Open carefully 168 
to see the popliteal lymph node.  169 
 170 
5. Lymph node preparation 171 
 172 
5.1. Place the whole organ in a culture dish with glass bottom (35 mm x 10 mm) and remove the 173 
fat that surrounds the organ using microsurgery curved forceps (Figure 1G-I and Figure 2H). 174 
 175 
5.2. Centralize the organ in the middle of the dish (Figure 1J and Figure 2H). 176 
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 177 
5.3. Cover the organ with a fragment of delicate task wipers and keep it soaked with room 178 
temperature saline 0.9% or Phosphate Buffer Solution (Figure 1K-M and Figure 2H). 179 
 180 
NOTE: It is not necessary to wash lymph nodes after removal or to perform the lymph node 181 
extraction in the hood. 182 
 183 
6. Ex-vivo confocal microscopy (Imaging) 184 
 185 
6.1. Position the Petri dish in the inverted confocal microscope slot (Figure 1N and Figure 2H). 186 
 187 
6.2. Image LNs under a confocal microscope (Figure 1O and Figure 2H). 188 
 189 
6.3. First, obtain the correct focus by using the conventional light of the confocal microscope with 190 
4x or 10x objective. Then change from the light function to the laser mode.  191 
 192 
NOTE: If the confocal microscope does not contain a 4x objective, the focus can be perfectly 193 
obtained using the 10x objective. 194 
 195 
6.4. Adjust the laser power, offset and gain using an isotype-stained, non-stained or non-196 
fluorescent sample (Table 1) to remove autofluorescence and unspecific staining from 197 
fluorescent-labeled antibodies such as the ones used in the images showed in this manuscript 198 
(BV-421 anti-CD4, BB515 anti-CD19 and PE anti-F4/80).  199 
 200 
6.5. Adjust Z and XY positions, using the micrometric and chariot, respectively, on the area of 201 
interest in the lymph node.  202 
 203 
6.6. Acquire images under 4x, 10x and 20x objectives focusing on the LN structure and cellular 204 
distribution. Use 1024 x 1024-pixel definition.  205 
 206 
NOTE: Acquire a minimum of five images in different fields per objective per animal.  207 
 208 
6.7. Analyze images using an image software to separate channels, add scale and colors of 209 
interest, and to reconstruct 3D view.  210 
 211 
REPRESENTATIVE RESULTS: 212 
  213 
This manuscript shows techniques to remove inguinal and popliteal lymph nodes without 214 
damaging their structure following the injection of fluorescent-labeled antibodies to stain specific 215 
cell populations in these organs (Figures 1 and Figure 2).  216 
 217 
The powerful combination of immunolabeling of LN cells with BV421 anti-CD4 and BB515 anti-218 
CD19 and confocal imaging analysis defined the localization of T cells (CD4+) and B cells (CD19+) 219 
in inguinal and popliteal LNs. In both organs, B cell follicles were surrounded by T cell populations 220 
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(Figure 3, Figure 4 and video 1), a hallmark of the LN structure1. To exclude the possibility that 221 
phagocytes lining the lymphatic sinuses could capture the injected fluorescent antibodies and 222 
result in non-specific labeling of cell markers, PE anti-F4/80 was included in the antibody mix. As 223 
shown in Figure 5, phagocytes did not internalize injected antibodies, indicating that B and T cell 224 
staining was specific. Moreover, Video 1 shows that T and B cell staining did not overlap, 225 
confirming staining specificity.  226 
 227 
To investigate the spatial localization of phagocytic mononuclear cells in the LN, inguinal and 228 
popliteal LNs from CX3CR1GFP/+ CCR2RFP/+ were imaged. Mononuclear cells were found 229 
throughout the inguinal LN, including the subcapsular sinus. The majority of these cells were 230 
CX3CR1GFP/+, followed by CCR2RFP/+ and double positive cells (yellow) (Figure 6A-F). The same 231 
pattern of cell distribution and cell phenotypes was observed in the popliteal LN (Figure 7A-I). 232 
Both inguinal and popliteal LNs showed black regions without CX3CR1GFP/+ CCR2RFP/+, which are 233 
occupied by lymphocytes. Moreover, CX3CR1+ and CCR2+ cells were scarce in the inner area of 234 
the LNs and concentrated in the outer area, indicating that these cells primarily occupy the LN 235 
subcapsular sinus (Figure 6G-I and Figure 7J-L). Thus, the proposed protocol can clearly define 236 
major cell populations present in lymph nodes.  237 
 238 
FIGURE AND TABLE LEGENDS: 239 
 240 
Figure 1: Inguinal lymph node preparation. (A) Subcutaneous injection of FACS antibody master 241 
mix into the inner thigh. (B) 3 h after the injection, euthanize the mouse, immobilize the mouse 242 
on an acrylic plate with adhesive tape and apply mineral oil to the abdominal skin to prevent fur 243 
deposition around the incision. (C) Perform a midline incision in the abdomen from the pubis to 244 
the xiphoid process. (D) Dissociate the abdominal musculature from the skin and do a skin-flap. 245 
(E) Tape the skin-flap on the acrylic plate. (F) Remove the inguinal lymph node using a 246 
microsurgery curved forceps. (G-H) Place the organ in a culture dish (G) and remove the fat that 247 
surrounds the organ (H). (I) Illustrative picture showing the organ size after cleaning. J-M) 248 
Centralize the organ in the middle of a petri dish (J), cover the organ with a piece of delicate task 249 
wipers (K) and keep soaked with warm 0.9% saline or 1x PBS (L, M). (N) Position the Petri dish in 250 
the microscope slot. (O) Scan the organ. 251 
 252 
Figure 2: Popliteal lymph node preparation. (A, B) Subcutaneous injection of FACS antibody 253 
master mix into the paw pad. (C, D) 3 h after the injection, euthanize the mouse, immobilize 254 
mouse on an acrylic plate with adhesive tape (C) and apply mineral oil to the abdominal skin to 255 
prevent fur deposition around the incision (D). (E) Perform a midline incision in the calf from the 256 
heel to the knee. (F) Expose the popliteal fossa. (G) Remove the popliteal lymph node using 257 
microsurgery-curved forceps. (H) Place the organ in a petri dish and remove the fat that 258 
surrounds the organ, centralize the organ in the middle of the Petri dish, cover the organ with a 259 
piece of delicate task wipers and keep soaked with warm saline 0.9% or 1x PBS. Position the Petri 260 
dish in the microscope slot and scan the organ. 261 
 262 
Figure 3: Representative confocal microscopy images of whole inguinal lymph nodes of non-263 
immunized naive mice. (A-C) LN B and T cells were stained using CD4 (green; T cells) and CD19 264 
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(red; B cells); scale bar = 50 μm. (D-I) Amplification of specific area with 10x objective; scale bar 265 
= 30 μm.  266 
 267 
Figure 4: Representative confocal microscopy images of whole popliteal lymph nodes of non-268 
immunized naïve mice. (A-C) LN B and T cells were stained using CD4 (green; T cells) and CD19 269 
(red; B cells); scale bar = 60 μm. 270 
 271 
Figure 5: Representative confocal microscopy images of whole inguinal lymph node of non-272 
immunized naive mice showing phagocytes. (A-C) LN B and phagocytic cells were stained using 273 
CD19 (green; B cells) and F4/80 (blue; phagocytes); scale bar = 100 μm; (D-F) LN T and phagocytic 274 
cells were stained using CD3 (green; T cells) and F4/80 (white; phagocytes); scale bar = 100 μm. 275 
 276 
Figure 6: Confocal microscopy images of whole inguinal lymph nodes of genetically-modified 277 
CX3CR1GFP/+ CCR2RFP/+ mice without antibody master mix injection. (A-C) LN cell distribution was 278 
evaluated with CX3CR1 (green) and CCR2 (red); scale bar = 100 μm. (D-F) Amplification of specific 279 
area with 20x objective; scale bar = 50 μm. (G-I) LN cell distribution in the lymph node sinus floor; 280 
scale bar = 100 μm.  281 
 282 
Figure 7: Confocal microscopy images of whole popliteal lymph nodes of genetically-modified 283 
CX3CR1GFP/+ CCR2RFP/+ mice without antibody master mix injection. (A-C) LN cell distribution was 284 
evaluated with CX3CR1 (green) and CCR2 (red); scale bar = 200 μm. (D-F) Amplification of entire 285 
organ with 10x objective; scale bar = 100 μm. (G-I) Amplification of specific area with 20x 286 
objective; scale bar = 50 μm. (J-L) LN cell distribution in the lymph node sinus floor; scale bar = 287 
100 μm.  288 
 289 
Video 1: The specificity of T and B cell staining. 290 
 291 
Table 1: Image acquisition settings. 292 
 293 
DISCUSSION: 294 
The combination of imaging with other techniques, including molecular biology and high 295 
dimensional immunophenotyping has enhanced our ability to investigate immune cells in their 296 
native context. In fact, while other approaches may require tissue digestion and cell isolation – 297 
which can lead to loss of tissue integrity - the use of in vivo or ex vivo imaging grants a great 298 
advantage in investigating different cell subtypes in a geographical fashion3,16. It is not surprising 299 
that the availability of genetically-modified mouse strains in which cells are specifically targeted 300 
to express different fluorophores is rapidly increasing. Importantly, the combination of reporter 301 
mice and the injection of the antibody mix is a powerful tool to stain different cell populations 302 
in-vivo in the same organ4. Moreover, the popularization of gene editing tools like CRISPR/Cas9 303 
has allowed different groups to customize their mouse strains in a way that virtually any cell type 304 
can be now imaged in their bona fide location17. Using this approach, the spatial and functional 305 
relationship between different cell types can be assessed in deep details. However, if imaging of 306 
the cell movement or dynamic events in vivo are not mandatory, a less complex experimental 307 
approach can be used. In this case, antibodies and probes are delivered in vivo, and the organ (or 308 
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a sample) is directly visualized in the microscope. 309 
 310 
Here we described a straightforward protocol that dispensed the use of tissue cryopreservation 311 
and cryosectioning that can potentially affect organ structures and allowed the appreciation of 312 
immune cells within lymph nodes following in vivo administration of fluorescent-labeled 313 
antibodies. These protocols demanded minimal technical and surgical skills and could be adapted 314 
to visualize virtually any immune cells in their original location. Importantly, we proposed that 315 
antibodies should be administered in a way that they will reach the lymph nodes using the same 316 
pathways that antigens and cells travel during an immune response. By injecting fluorescent 317 
antibodies in the subcutaneous space, it was possible to mimic all tissues and hemodynamic 318 
barriers found in vivo and estimate the chronology of antigen dissipation. In addition to this 319 
application, this method could be applied and useful for biodistribution of florescent-labeled 320 
drugs and cell-targeting studies of fluorescent-labeled nanoparticles.  321 
 322 
However, there are limitations to this method. The amount of antibody required is higher 323 
compared to conventional histology methods; however, since conventional immunofluorescence 324 
microscopy requires several rounds of tissue preparation and staining in order to optimize the 325 
technique and obtain good images, the cost of conventional microscopy can potentially 326 
overcome the cost of the high antibody concentration employed in our protocol. Next, based on 327 
the known properties of lymphatic antigen drainage into the lymph node9,18, the efficiency of 328 
labeling is likely to rapidly decrease with the distance to the lymphatic vasculature due to the size 329 
of the labeling reagent employed. Indeed, the black areas in some of the images may result from 330 

poor tissue penetration. Only 40-100 m in depth can be achieved with confocal imaging of LN, 331 
and thus only superficial LN regions can be visualized. One way to at least partially overcome this 332 
issue is to use fluorophores with better excitation and detection by the microscope. Another 333 
alternative approach is to use multiphoton laser microscopy with near-infrared excitation 334 
wavelength that has been key to deep tissue imaging and was shown to circumvent severe light 335 
scattering issues observed with confocal single photon laser microscopy19. In the case of imaging 336 
cells stained by antibodies that were delivered in vivo, only antigens that are expressed on the 337 
cell surface can be targeted. If antibodies used have not been validated yet, it becomes critical to 338 
perform a corresponding isotype control staining to exclude autofluorescence and validate the 339 
labeling. This can be performed in the same animal, i.e., cell targeting antibody mix injected 340 
ipsilaterally and isotype control mix injected contralaterally. In addition, the amount of antibody 341 
necessary to efficiently stain a cell in vivo may vary between experiments and cell lines and an 342 
alternative approach for this limitation is to use genetic-targeted fluorescence expression. 343 
 344 
In conclusion, we propose a new protocol for whole lymph node imaging that maintains the tissue 345 
architectural integrity, is reproducible, easy-to-perform and use conventional confocal 346 
microscopes. This technique demonstrates how simple methods can allow regular laboratory 347 
structures to work as poly-functional platforms that enable major advances in immune system 348 
investigation. 349 
 350 
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Table 1: Image acquisition settings 

Laser Laser Power Gain Offset

406nm 20% 65 -5

488nm 25% 50 -5

561nm 25% 65 -10
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Pinhole

60μm

60μm

60μm



Name of Material/ Equipment Company

BV421 anti-CD4 BD Horizon

BB515 anti-CD19 BD Horizon

BB515 Rat IgG2a, κ Isotype Control BD Horizon

BV421 Mouse IgG2b, K Isotype Control BD Horizon

Cellview culture dish Greiner-Bio

Insulin syringes BD Plastipak

Kimwipes Kimtech Science Brand

Microsurgery curved forceps WEP Surgical Instruments

Microsurgery curved scissors WEP Surgical Instruments

Needle BD PrecisionGlide

Nikon Eclipse Te + A1R confocal head Nikon

PE anti-F4/80 BD Pharmigen

PE Rat IgG2a, κ Isotype Control BD Pharmigen

Zeiss LSM 710 confocal microscope Zeiss
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Catalog Number

562891

564509

564418

562603

627861

-

7557

custom made

custom made

-

 - 

565410

553930

 - 



Comments/Description

GK1.5; 0.2 mg mL-1

1D3; 0.2 mg mL-1

R35-95; 0.2 mg mL-1

R35-38 0.2 mg mL-1

35x10 mm with glass bottom 

Insulin U-100

size 21 x 20 cm / 100 sheets per box

12.5 cm

11.5 cm

30 gauge × ½ inch

loaded with main 4 laser lines (405, 488, 543 and 647 nm)

T45-2342; 0.2 mg mL-1

R35-95; 0.2 mg mL-1

loaded with main 4 laser lines (405, 488, 543 and 647 nm)
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, 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 Article 
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 Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
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 modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
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 modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE 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 to the maximum 

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 JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE 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 JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author 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 
been 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 one 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 JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized 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/or modification 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 board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
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, JoVE may, in its sole 
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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. JoVE reserves the right, in its absolute 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 Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method 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 
JoVE and/or its successors and assigns from 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 JoVE 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 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE 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 holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE 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 US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production 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 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth 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 original, 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.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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Editorial comments: 
 
1. The editor has formatted the manuscript to match the journal's style. Please retain the 
same. Okay. 
 
2. Please address all the specific comments marked in the manuscript. All specific 
comments were addressed.  
 
3. Please upload the table as .xlsx file to your editorial manager account. This has been 
fixed and we now uploaded the table as .xlsx file. 
 
4. Please remove all the figure legends from the figure and place it in the manuscript text. 
Figures were removed from the figure files and placed in the manuscript text. 
 
5. The manuscript needs a thorough proofreading. Please proofread the manuscript 
before submission to ensure that there are no grammar or spelling issues. Proofreading 
was performed. 
 
6. All changes in the revised manuscript are highlighted in turquoise.  
 
7. No image used in this manuscript was previously published elsewhere. 
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