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SUMMARY 33 
We describe a more consistent and expeditious method to quantify lung metastasis in the 4T1 34 
breast cancer model by using Fiji-ImageJ. 35 
 36 
ABSTRACT: 37 
Breast cancer is a devastating malignancy, accounting for 40,000 female deaths and 30% of new 38 
female cancer diagnoses in the United States in 2019 alone. The leading cause of breast cancer 39 
related deaths is the metastatic burden. Therefore, preclinical models for breast cancer need to 40 
analyze metastatic burden to be clinically relevant. The 4T1 breast cancer model provides a 41 
spontaneously-metastasizing, quantifiable mouse model for stage IV human breast cancer. 42 
However, most 4T1 protocols quantify the metastatic burden by manually counting stained 43 
colonies on tissue culture plates. While this is sufficient for tissues with lower metastatic burden, 44 
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human error in manual counting causes inconsistent and variable results when plates are 45 
confluent and difficult to count. This method offers a computer-based solution to human 46 
counting error. Here, we evaluate the protocol using the lung, a highly metastatic tissue in the 47 
4T1 model. Images of methylene blue-stained plates are acquired and uploaded for analysis in 48 
Fiji-ImageJ. Fiji-ImageJ then determines the percentage of the selected area of the image that is 49 
blue, representing the percentage of the plate with metastatic burden. This computer-based 50 
approach offers more consistent and expeditious results than manual counting or 51 
histopathological evaluation for highly metastatic tissues. The consistency of Fiji-ImageJ results 52 
depends on the quality of the image. Slight variations in results between images can occur, thus 53 
it is recommended that multiple images are taken and results averaged. Despite its minimal 54 
limitations, this method is an improvement to quantifying metastatic burden in the lung by 55 
offering consistent and rapid results.  56 
  57 
INTRODUCTION: 58 
One in eight women will be diagnosed with breast cancer in her lifetime, and yet despite multiple 59 
treatment options breast cancer is the second leading cause of cancer-related deaths in American 60 
women1. These women are not dying from the primary tumor in their breast. Instead, the 61 
metastatic burden is responsible for the mortality of this disease as it commonly spreads to the 62 
lung, bone, brain, liver, and lymph nodes2. Because of this, breast cancer models need to evaluate 63 
metastasis to contribute to curbing the mortality of this disease. The 4T1 murine breast cancer 64 
model is a superb protocol to accomplish this. The method described here offers an improvement 65 
to the 4T1 model by using Fiji-ImageJ to quantify lung metastasis, producing consistent and 66 
expeditious results.  67 
 68 
The 4T1 model is well-established, with most labs using protocols such as those described by 69 
Pulaski and Ostrand-Rosenberg in 20013. The 4T1 cell line is 6-Thioguanine (6TG) resistant and 70 
representative of stage IV, triple negative breast cancer3-5. It is clinically relevant as it is an 71 
orthotopic model and spontaneously metastasizes to the same organs as in human breast 72 
cancer3,4. The 4T1 cells spontaneously metastasize at a predictable rate based on the quantity of 73 
cells injected3,4. Importantly, genetic differences between mice used here caused expected inter-74 
individual variability in metastatic burden. To evaluate metastasis, tissues are harvested to collect 75 
and quantify cancer cells in distant sites using 6TG selection and methylene blue staining. The 76 
result is a collection of tissue culture plates with blue dots representing metastatic colonies. 77 
However, the Pulaski and Ostrand-Rosenberg protocol quantifies metastatic colonies by 78 
manually counting them, and therefore this has been the standard means of evaluating 79 
metastasis in this model. While this is easy for tissues with low metastatic burden, tissues like 80 
the lungs are often laden with metastases. As lung plates can be highly confluent, accurately and 81 
precisely quantifying metastatic colonies by manual counting is difficult and prone to human 82 
error. To better quantify metastatic burden, we describe using Fiji-ImageJ for a computer-based 83 
solution to human counting error. Histopathological analysis with hematoxylin and eosin (H&E) 84 
staining is another means to quantify lung metastases, and interestingly has also been improved 85 
with Fiji-ImageJ software6,7. However, because histopathological analysis observes a single slice 86 
of the lung, it can be inaccurate and unrepresentative. This is because the 4T1 model causes 87 
several metastatic lesions throughout the organ that are not evenly distributed. While overall 88 



   

trends between histopathological analysis and manual counting can be similar8, individual values 89 
can differ and therefore histopathological analysis should not be used as the sole means of 90 
quantification. We demonstrate the benefit compared to histopathological analysis and the 91 
inconsistencies in manual counting between different counters, while also demonstrating the 92 
consistency of using Fiji-ImageJ. Additionally, we show that this method can reduce the 93 
incubation time from 10-14 days to 5 days, meaning researchers can analyze data from their 94 
study much sooner than when relying on manual counting.  95 
 96 
This method is a collection of simple adjustments to the Pulaski and Ostrand-Rosenberg 97 
protocol3. Because the 4T1 model is widely used, and because lung metastasis is a critical 98 
parameter to measure in preclinical models, we believe this method can be widely used and is 99 
highly valuable to breast cancer researchers. The only additional supplies needed are a camera 100 
and access to a computer with Fiji-ImageJ, a free software used frequently in image analysis9. 101 
This method specifically focuses on lung metastasis, but it could be used for other tissues with 102 
significant metastatic burden.  103 
 104 
PROTOCOL:  105 
 106 
All methods described here have been approved by the Institutional Animal Care and Use 107 
Committee (IACUC) of Virginia Tech and in accordance with the National Institutes of Health 108 
Guide for the Care and Use of Laboratory Animals. Performing this protocol requires permission 109 
from the appropriate institutions and adherence to all appropriate guidelines. 110 
 111 
1. Cell Culture 112 
 113 
1.1. Make complete culture media (RPMI + 10% Fetal Bovine Serum +1% Pen Strep). Revive 4T1 114 
cells according to ATCC Protocol10 and incubate at 37 °C and 5% CO2 in a T-25 flask until confluent. 115 
Change media the day after reviving to remove dead cells, and again if media is spent before cells 116 
are confluent enough to passage. 117 
 118 
1.2. Once the T-25 flask is confluent, passage cells to a T-75 flask by discarding media, washing 119 
flask with 5 mL of 1x Dulbecco’s Phosphate Buffered Saline (DPBS), and adding 500 μL of Trypsin-120 
EDTA. Incubate for 5-10 minutes at 37 °C until cells detach.  121 
 122 
1.2.1. Once detached, add 5 mL of warmed complete culture media to cells. Aspirate and transfer 123 
the 5 mL to a T-75 flask containing 15 mL of warmed complete culture media.  124 
 125 
1.3. Passage cells in T-75 flasks at least four times. Do this once the flask is confluent by washing 126 
with 8 mL of 1x DPBS, adding 1 mL of Trypsin-EDTA for detaching cells, adding 10 mL of warmed 127 
media to cells, and diluting 1:6-1:8 into a new T-75 flask containing 20 mL of warmed complete 128 
culture media. 129 
 130 
1.4. Passage cells up to the appropriate number of T-150 flasks containing 40 mL of warmed 131 
complete culture media for the number of mice to be injected. Most studies will require multiple 132 



   

T-150 flasks to ensure enough cells for injection.  133 
 134 
1.5. When mice are ready to be injected (8 weeks old or weighing over 20 g, depending on the 135 
IACUC or institutional protocols), harvest cells by discarding media, washing each flask with 10 136 
mL of 1x DPBS and adding 2 mL of trypsin-EDTA. Incubate for 5-10 minutes at 37 °C until cells 137 
detach. 138 
 139 
1.6. Wash flask with 10 mL of media and transfer all contents (10 mL of media + 2 mL of trypsin-140 
EDTA cell mixture) to the next flask. Continue to wash and collect cells from each flask using the 141 
same 10 mL of media to avoid using an excessive amount of media.  142 
 143 
1.6.1. Once all flasks have been collected, transfer the contents into a 50 mL centrifuge tube. 144 
Collect a 10 μL sample for counting in a microcentrifuge tube and centrifuge the 50 mL conical 145 
tube at 125 x g for 5 minutes. 146 
 147 
1.7. While cells are being centrifuged, add 10 μL of Trypan blue to 10 μL of cell sample. Count 148 
cells using a hemocytometer. Once the total number of cells is determined, calculate the 149 
concentration of cells needed to inject mice for 1.2 x 106 cells per mouse (per 100 μL). 150 
 151 
1.8. After centrifugation, decant media and resuspend cell pellet in correct amount of sterile 1x 152 
DPBS for 1.2 x 106 cells per 100 μL. Split cell/DPBS mixture into microcentrifuge tubes for easy 153 
access with the syringe when aspirating cells for injection. Keep cells on ice and inject soon 154 
thereafter as cells will begin to die after being on ice for extended periods of time.  155 
 156 
2. Injections 157 
 158 
2.1. Prepare cells for injection by tapping or gently mixing the microcentrifuge tube to resuspend 159 
the cells, and then aspirate 600 μL into a 1 mL syringe. Turn the syringe upwards and pull the 160 
plunger down to bring cells away from the syringe opening. Tap the syringe to rid it of air bubbles.  161 
 162 
2.2. Attach the needle bevel up and dispense cells back into microcentrifuge tube until only 500 163 
μL remain in the syringe. Put syringe flat on ice.  164 
 165 
NOTE: 4T1 cells fall out of suspension quickly. Therefore, it is important to mix cells back into 166 
suspension by tapping frequently.  167 
 168 
2.3. Anesthetize 8 week old/>20 g female BALB/c mouse using isoflurane or other approved 169 
anesthetic agent. Monitor the mouse’s breathing to assess depth of anesthesia. 170 
 171 
2.4. Once the mouse is properly anesthetized as indicated by lack of corneal reflex, place the 172 
mouse on its back. Using the thumb, pointer, and middle finger, gently hold down the mouse. 173 
Use the pointer and middle fingers to hold down the mouse’s upper body and thumb for its rear 174 
left leg. Be gentle but firm. 175 
 176 



   

2.5. With the bevel of the needle up, inject 100 μL of cells subcutaneously into the mouse’s left 177 
abdominal mammary fat pad. Monitor for a good bleb and any leakage, and ensure the mouse 178 
wakes up and moves easily after injection.  179 
 180 
2.5.1. Change needles between each mouse.  181 
 182 
NOTE: Do not allow needle to enter the peritoneal cavity. This would cause the cancer to spread 183 
quickly and not be representative of the model. To ensure a subcutaneous injection, gently pull 184 
upwards on the needle when inserted in the left abdominal mammary fat pad. If the needle is 185 
easily lifted upwards, it is correctly positioned subcutaneously.  186 
 187 
3. Monitoring 188 
 189 
3.1. Monitor mice at least 3 times a week for weight, body condition score, tumor size, tumor 190 
condition, respiration, activity level, appearance, and movement. Once the tumor reaches 0.7-191 
0.8 cm in diameter, begin to monitor daily.  192 
 193 
3.1.1. Consider euthanasia when tumor size reaches 1.5 cm, or weight loss reaches 20%, or severe 194 
clinical decline in body condition score, tumor condition, respiration, activity level, appearance, 195 
or movement are observed based on institutional guidelines.  196 
 197 
NOTE: Body condition score is crucial to monitor as body weight may increase as the tumor 198 
increases in size, negating body condition loss due to disease burden. Exact monitoring protocols 199 
will depend on the approved IACUC or institutional protocols.  200 
 201 
4. Necropsy 202 
 203 
4.1. Euthanize mice using CO2 following institutional guidelines. 204 
 205 
4.2. Spray mouse with 70% ethanol to disinfect. Make an incision up the ventral midline of the 206 
mouse to expose the body cavity.  207 
 208 
4.3. Remove the kidney. Continue cutting up the midline until the diaphragm is visible. Use 209 
scissors to puncture the diaphragm to deflate the lungs. Trim the diaphragm to get better access 210 
to the cavity. 211 
 212 
4.4. Use blunt scissors to cut up the center of the ribcage. Pin ribcage back to expose the lung 213 
and heart. 214 
 215 
4.5. Perfuse the heart with 2 mL of non-sterile 1x DPBS by inserting a needle into the apex of the 216 
heart until it pools in the abdominal cavity where the kidney was removed. 217 
 218 
4.6. To remove the heart and lungs, use blunt scissors to cut the esophagus and trachea directly 219 
above the heart. Using forceps, begin to pull the heart away from the body and cut away at any 220 



   

connective tissue keeping it attached. The lungs will come out with the heart.  221 
 222 
4.6. Identify the multi-lobed (right) and single-lobed (left) lungs. Keep heart attached for 223 
reference, but once lungs are identified, cut the heart away. 224 
 225 
4.7. Label a 12 well plate containing 1x Hank’s Balanced Saline Solution (HBSS) in each well. Each 226 
mouse needs 2 wells. Place the multi-lobed (right) lung in the 12 well plate for metastasis 227 
evaluation and keep on ice. Keep the neighboring well empty for now.  228 
 229 
NOTE: It is important to use the same lung (multi-lobed) from every mouse to ensure each sample 230 
is close in size. The single-lobed lung can then be used for other analysis, like histopathology. 231 
 232 
NOTE: Samples are stable on ice or at 4 °C for a few hours.  233 
 234 
5. Processing Tissues 235 
 236 
NOTE: All steps in this section should be done using sterile technique. 237 
 238 
5.1. Label 1 15 mL conical tube per mouse and add 2.5 mL of type IV collagenase mixture and 30 239 
units of elastase to each tube. To make type IV collagenase mixture, dissolve 2 mg of type IV 240 
collagenase per mL 1x HBSS and sterile filter. This can be stored up to 12 months at -20 °C and 241 
thawed when needed.  242 
 243 
5.2. Transfer the lung to the second, clean 1x HBSS well for that sample. Swirl using forceps to 244 
remove any remaining blood. Transfer clean lung to empty 1 cm tissue culture plate. Mince lung 245 
with scissors. Rinse plate with 2.5 mL of 1x HBSS, transfer 1x HBSS and lung pieces into a 15 mL 246 
conical tube already containing collagenase/elastase cocktail (5 mL total).  247 
 248 
 5.3. Incubate for 75 minutes at 4 °C. Continue mixing samples during this time, so place tubes on 249 
a rocker or rotating wheel. During this incubation step, label 50 mL centrifuge tubes and 10 cm 250 
tissue culture plates for each mouse. If doing a dilution, label enough 10 cm tissue culture plates 251 
for the dilutions. 252 
 253 
NOTE: Label the lid of the tissue culture plates. If labeling the plate itself, the writing will interfere 254 
with Fiji-ImageJ analysis. 255 
 256 
5.4. Bring volume of each tube up to 10 mL total with 1x HBSS. Pour contents over a 70 μm cell 257 
strainer into a 50 mL conical tube for each sample. Use the plunger of a 1 mL syringe to gently 258 
grind the sample through the strainer to allow more cells to filter through. 259 
 260 
5.5. Centrifuge for 5 minutes at 350 x g at room temperature (RT). Discard the supernatant and 261 
wash pellet with 10 mL of 1x HBSS. Repeat this step twice. 262 
 263 
5.6. Resuspend pellet in 10 mL of 60 μM 6TG complete culture media, either RPMI or IMDM. 264 



   

Plate samples in 10 cm cell culture plates, using a dilution scheme if desired. Incubate at 37 °C, 265 
5% CO2 for 5 days.  266 
 267 
NOTE: 1:2, 1:10, and 1:100 are common dilutions that will need to be empirically determined 268 
based on study parameters. 269 
 270 
CAUTION: 6TG is toxic. Use caution when handling and follow all Environmental Health and Safety 271 
guidelines for disposal. 272 
 273 
6. Staining plates 274 
 275 
6.1. Pour culture media off plates into appropriate waste container. Fix cells by adding 5 mL of 276 
undiluted methanol per plate and incubate for 5 minutes at RT, making sure to swirl methanol so 277 
that it covers the entire plate. 278 
 279 
CAUTION: Methanol is hazardous if ingested, inhaled, or is on skin. Use a fume hood for this step.  280 
 281 
6.2. Pour methanol off plates into appropriate waste container. Rinse plates with 5 mL of distilled 282 
water per plate and pour water into appropriate waste container. Add 5 mL of 0.003% methylene 283 
blue per plate and incubate for 5 minutes at RT, making sure to swirl methylene blue solution so 284 
that it covers the entire plate.  285 
 286 
6.3. Pour methylene blue into appropriate waste container. Rinse plates again with 5 mL of 287 
distilled water per plate. Turn plates upside down and blot against a paper towel to remove 288 
excess liquid. Place plate on its lid and let air dry overnight at RT. 289 
 290 
NOTE: Metastatic colonies will be blue. Once plates are dried, they can be stored at RT 291 
indefinitely.  292 
 293 
7. Image analysis 294 
 295 
7.1. Remove labeled lids from plates, taking care to ensure clear identification of samples. Line 296 
up all stained lung plates on a clean, light surface to take a picture of all of the plates in one 297 
image.  298 
 299 
7.2. Take a picture of the collection of plates in a well-lit area, making sure to minimize reflections 300 
as the plates are very reflective. Reflections in the plates will influence image analysis and 301 
therefore need to be avoided. 302 
 303 
NOTE: Fiji-ImageJ has an upper limit of 2 gigapixels. Most modern smart phones will have 304 
sufficient cameras. Do not use a camera less than 8 megapixels. The camera used in this 305 
experiment was a 12.2 megapixel on a Google Pixel 2. 306 
 307 
7.3. Crop the image to include the plates, but exclude the lids or anything else in the background 308 



   

of the image. Upload the cropped image into Fiji-ImageJ. 309 
 310 
7.4. Change the image to black and white using the following commands: Image, Adjust, Color 311 
Threshold, Thresholding method: Default, Threshold color: B&W, Threshold space: Lab. Unselect 312 
the Dark background box. The image should now be black and white. Black represents the light 313 
background, and white represents the blue metastatic colonies.  314 
 315 
7.5. Using the Circle tool on the Fiji-ImageJ toolbar, select the area to be analyzed. Draw one 316 
circle to use for all of the plates to ensure each plate is analyzed for the same-sized area. Choose 317 
a size that maximizes analyzed area on the plates while minimizing the background noise that 318 
appears on the edge of the plates. The size appears in the toolbar as it is drawn, so it is possible 319 
to make a perfect circle by monitoring the height and the width as the circle is drawn. 320 
 321 
7.6. Analyze the selected circle to determine what percentage of the area is white, which 322 
represents the area of the plate that has blue metastatic colonies. Use the following commands:  323 
Analyze, Analyze Particles, Size (pixel2): 0-Infinity, Circularity: 0.00-1.00, Show: Nothing, and 324 
check the Summarize box. Hit OK.  325 
 326 
7.7. Record the % Area result. This is the percentage of the selected area that is white, and 327 
therefore represents the metastatic burden.  328 
 329 
NOTE: It is recommended to either save the results in Fiji-ImageJ or copy/paste the entire results 330 
page into a separate document. If % Area results are unexpected or suspicious, it is then possible 331 
to see if any of the other measurements were also suspicious or if % Area was recorded 332 
incorrectly. 333 
 334 
7.8. Move the circle, without altering its size by grabbing it in its center, to the next plate in the 335 
picture. Repeat steps 7.6 and 7.7 for all plates in the picture.  336 
 337 
7.9. Repeat steps 7.1 – 7.8 on at least two more images. Once all plates and images have been 338 
analyzed, average the % Area results between different images for each plate to mitigate any 339 
inconsistencies between pictures.  340 
 341 
REPRESENTATIVE RESULTS:  342 
This method contains simple adjustments from the Pulaski and Ostrand-Rosenberg 4T1 protocol3 343 
and can be visualized in Figure 1. When 3 separate researchers manually counted metastatic 344 
colonies for 12 lung plates (1:10 dilution), the results were very inconsistent between different 345 
counters (Figure 2A). All researchers were directed to “count the metastatic colonies that appear 346 
as blue dots”, yet the inconsistencies demonstrate the issue with manually counting highly-347 
metastatic plates. The researchers had varying levels of experience with the 4T1 model. A board-348 
certified veterinary pathologist analyzed H&E stained lung slides for metastasis as another 349 
method to compare to Fiji-ImageJ lung plate analysis (Figure 2B). 350 
 351 
Using the Fiji-ImageJ analysis, 3 separate researchers analyzed 3 separate images of the collection 352 



   

of 12 plates (1:2 dilution). Images were taken in two separate lab spaces with slightly different 353 
lighting. The arrangement of the plates or the angle from which the picture was taken were 354 
different between each image. In contrast to the manual counting results, the Fiji-ImageJ results 355 
were consistent between counters for each of the 3 images (Figure 3A). To determine if there 356 
were inconsistencies between the 3 images, the results from the 3 images and the 3 counters 357 
were combined per lung plate (Figure 3B). There are differences between images for some plates, 358 
but the overall trends are similar and it offers more consistency than manual counting. To 359 
account for the variations between the 3 different images, results from each image were 360 
averaged for each plate (Figure 3C). These averages provided consistent results between 361 
counters that accurately and precisely analyze metastatic burden. Therefore, this protocol 362 
suggests taking at least 3 images of the plate collection in different arrangements, from different 363 
angles, or in slightly different light settings, and then analyzing and averaging the results. The 364 
contrast between manual counting and Fiji-ImageJ analysis is visualized when comparing Figure 365 
2A to Figure 3C.  366 
 367 
Another way to demonstrate the improvements offered by this protocol is comparing the ranking 368 
of the plates from most to least metastatic burden between counters, based on the counts from 369 
Figure 2 and Figure 3. Manual counting agreed on the most confluent plate, but all following 370 
ranks were inconsistent between counters (Figure 4A). Contrastingly, the ranks from Fiji-ImageJ 371 
analysis for each image were much more consistent between counters (Figure 4B). The 372 
consistency is also seen when results from each image for each plate were averaged (Figure 4C). 373 
We acknowledge that this protocol does not offer complete consistency between counters, but 374 
it is an improvement from manual counting when comparing Figure 4A to Figure 4C. 375 
Histopathological analysis differed from both manual and Fiji-ImageJ counting (Figure 4D).  376 
 377 
To demonstrate the importance of avoiding reflections in the images, an image with a reflection 378 
of a hand and its subsequent Fiji-ImageJ analysis is shown (left) opposed to the same plate 379 
without a reflection (right) (Figure 5A). Other dark blemishes from a dirty background surface or 380 
blood sample residue on the plates can negatively impact Fiji-ImageJ analysis too. The blood plate 381 
in Figure 5B only has 2 metastatic colonies (noted by white arrows), but the dark residue (noted 382 
by black arrows) caused Fiji-ImageJ to consider it as 31.6% metastatic. Therefore, it is important 383 
to have a clean, light surface and to not use this method for blood samples as blood samples will 384 
typically leave residual dark spots on the plate that are not metastatic colonies.  385 
 386 
FIGURE AND TABLE LEGENDS: 387 
Figure 1: Protocol Schematic. This protocol focuses solely on analyzing lung metastasis in the 4T1 388 
model. The general flow of this protocol includes growing 4T1 cells in culture, injecting BALB/c 389 
female mice with 4T1 cells in the left abdominal mammary fat pad, monitoring mice according to 390 
IACUC and institutional protocols, sacrificing mice and collecting the lung, collecting cells from 391 
the lung samples, plating and incubating cells in 6TG selection media, fixing and staining cells 392 
after 5 days, taking pictures of the plates, and analyzing using Fiji-ImageJ. 393 
 394 
Figure 2: Manually counting metastatic cells and histopathological analysis have inconsistent 395 
results. A. 12 lung plates with a 1:10 dilution were manually counted by 3 separate researchers 396 



   

instructed to count metastatic colonies the same way, although experience with the model varied 397 
between researchers. The number of metastatic colonies counted varied greatly between 398 
researchers. B. Histopathological analysis identified and quantified individual tumor cell 399 
aggregates, classified as metastases, present in H&E stained lung slides. High, medium, and low 400 
magnification images of one representative slide are shown. 401 
 402 
Figure 3: Fiji-ImageJ analysis is accurate and precise in determining metastatic burden. A. 12 403 
lung plates with a 1:2 dilution were analyzed by 3 separate researchers in 3 separate images of 404 
the 12 lung plates. B. Results from each of the 3 images by each of the 3 researchers were 405 
combined. C. Results from each lung plate from the 3 images were averaged. One-way ANOVA 406 
with Tukey’s multiple comparison test determined no significant differences between counters 407 
for each lung plate. Data are shown as mean + SD.  408 
 409 
Figure 4: Fiji-ImageJ analysis provides more consistent ranking of metastatic burden compared 410 
to manual counting and histopathological analysis. A. The same lung plates from Figure 2 were 411 
ranked from most to least metastatic based on the manual counts from Figure 2. B. The same 12 412 
lung plates from Figure 3 were ranked from most to least metastatic based on the Fiji-ImageJ 413 
analysis from Figure 3A. C. The averages from Figure 3C were ranked from most to least 414 
metastatic. D. Lung slides were ranked from most to least metastatic based on histopathological 415 
evaluation.  416 
 417 
Figure 5: Reflections and non-metastatic dark spots will negatively impact results. A. An image 418 
with a reflection of a hand taking the picture disrupts the Fiji-Image J analysis, as shown in 419 
comparing the reflection Fiji-ImageJ analysis (left) to the correct Fiji-ImageJ analysis (right) B. 420 
Blood plates often leave leftover stains (black arrows) on the plates that are not metastatic 421 
colonies (white arrows).  422 
 423 
DISCUSSION:  424 
As demonstrated, manually counting the metastatic colonies on each lung plate can be an 425 
inaccurate and imprecise method to quantify lung metastasis, demonstrating the need for a 426 
better means of quantification (Figure 2). Histopathological analysis differed slightly from both 427 
manual counting and Fiji-ImageJ analysis (Figure 2B and 4D), likely because the H&E slides are 428 
not a representative sample of the entire organ. The protocol harvests an entire lung, and 429 
therefore is more representative of total lung metastasis, and is more consistent than manual 430 
counting. Several different approaches to Fiji-ImageJ analysis were attempted and are discussed 431 
below, but the protocol outlined above appears to be the superior method. 432 
 433 
Lung, blood, and brain samples were collected for this study. However, the blood and brain 434 
samples had very few metastatic colonies, if any at all. We determined that manually counting 435 
the metastatic colonies is optimal for these less-metastatic tissues, and therefore blood and brain 436 
data were not included. When the metastatic burden is easy to manually count (e.g., ten or 437 
twenty metastatic colonies as opposed to thousands), the original issue of human error is not 438 
relevant, and therefore this protocol is not needed. Also, blood samples can leave dark spots on 439 
the plates after fixation, which interferes with the Fiji-ImageJ analysis (Figure 5). Importantly, the 440 



   

quantity of cells injected can influence the metastatic burden. For instance, if fewer cells are 441 
injected and the mice can survive longer, the cancer has more time to spread to the traditionally 442 
less-metastatic sites like the brain3,4. Therefore, this protocol could be modified to include the 443 
metastatic burden of other tissues if they are given time to become highly-metastatic. If trying 444 
the 4T1 model for the first time or changing the quantity of cells injected, we recommend trying 445 
at least two dilutions when plating cells. For this study, we used a 1:2 and 1:10 dilution. The 1:2 446 
dilution would have been difficult to count manually, but was counted easily in Fiji-ImageJ. The 447 
1:10 dilution was still difficult to count manually and therefore led to inconsistent results. 448 
Dilutions can be modified based on the specific study parameters. 449 
 450 
Pictures were taken of individual lung plates and the 12 lung plates together. Individual plates 451 
were analyzed in two ways: either cropping the image to a central square of the plate prior to 452 
uploading to Fiji-ImageJ, or using the circle selection tool in Fiji-ImageJ to select the central circle 453 
of the plate in the uncropped image. We found that using the circle selection tool in Fiji-ImageJ 454 
offered the easiest, most consistent way to create a same-sized area for analysis for all plates. 455 
Furthermore, analyzing the entire collection of lung plates in the same image was superior to 456 
analyzing individual images of single lung plates. Having all of the lung plates in the same image 457 
allows for the same-sized circle to be used easily between the lung plates. It ensures all lung 458 
plates are the same distance from the camera and therefore the same-sized circle for analysis 459 
should be the correct size for all lung plates in the image. It also makes analysis quicker as 460 
redrawing the circle is not necessary between plates. It is simply dragged to the next plate in the 461 
image without changing its size, which guarantees the same size is used for all plates in the 462 
picture. When selecting the size of the circle, it is important to make it large enough to analyze 463 
the majority of the plate while small enough to avoid the background noise from the edges of 464 
the plate. Furthermore, in an attempt to save reagents, cells were also plated in 6 well plates and 465 
compared to the 10 cm tissue culture plates. The Fiji-ImageJ results from the 6 well plates were 466 
less consistent and did not correlate to the 10 cm dishes (data not shown). One explanation is 467 
the smaller surface area provides a smaller area to analyze, leading to less representative data. 468 
Another is that reducing the surface area allows the cells to grow more quickly as they are closer 469 
to other surviving cells. Therefore, we do not recommend using any tissue culture reagents other 470 
than what we have described in the protocol.  471 
 472 
As mentioned before, avoiding reflections and having a clean, light background are absolutely 473 
critical to this method. Figure 5A demonstrates how a reflection is analyzed in Fiji-ImageJ and 474 
therefore shows the critical importance of avoiding reflections. As tissue culture plates are highly 475 
reflective, it is beneficial to take the picture at a slight angle to avoid reflections from either 476 
yourself taking the picture or from the light sources above. The lighting conditions of the specific 477 
work area will need to be accounted for. We suggest taking multiple pictures of the plates to be 478 
analyzed, trying slightly different arrangements and/or angles, in a well-lit area. Study the 479 
pictures intensely for any reflections. If there are inconsistencies in the analysis, it is likely due to 480 
a picture quality issue. To troubleshoot, compare the normal picture to the black and white 481 
picture. If areas that are not blue in the normal picture are appearing as white in the black and 482 
white picture, there is likely a reflection or blemish that is altering the results.  483 
 484 



   

In addition to consistency, another notable benefit of this method is that it produces data much 485 
more quickly than manual counting. Manually counting multiple plates is very time-consuming, 486 
while Fiji-ImageJ analysis can be done quickly. It also allows for a shorter incubation time. Pulaski 487 
and Ostrand-Rosenberg recommend a 10-14 day incubation period for the plated cells, adding a 488 
substantial amount of time to the study3. The 10-14 day incubation period allows for larger, 489 
easier-to-count colonies to form. However, many lung plates can become confluent before then. 490 
Instead, 5 days of incubation gives enough time for the 6TG selection to kill non-cancerous cells 491 
(proven by healthy control mice not having any colonies on their lung plates, data not shown), 492 
and for the cells to grow enough to be easily quantified with Fiji-ImageJ. This significantly 493 
decreases the time between the mice being sacrificed and analyzing essential metastatic data.  494 
 495 
To conclude, the benefits of this method far outweigh the limitations. We acknowledge this 496 
method does not offer perfect consistency. While this is not the ideal method for less-metastatic 497 
tissues, those tissues can easily be counted manually. While getting a picture without reflections 498 
can require some careful photography, the consistency gained with this method is significant. It 499 
is possible that this method could be used for other tissues that are highly-metastatic and other 500 
protocols that require counting stained objects. The study design could also allow for analyzing 501 
the rate of metastasis or effect of anti-cancer treatments on metastasis. This method will provide 502 
highly-consistent, reliable metastasis data and represents a significant refinement to the 4T1 503 
model. The application of this model to upcoming breast cancer metastasis research is of utmost 504 
importance in arming researchers with tools to battle against breast cancer mortality. 505 
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Name of Material/ Equipment Company Catalog Number

Anesthesia chamber See comments See comments

Anesthetic agent See comments See comments

BALB/c Female Mice The Jackson Laboratory 651

Blunt scissors Roboz RS-6700

Calculator Any Any

Camera Any Any

Centrifuge Any Any

CO2 euthanasia setup See comments See comments

Cold room, refrigerator, cold storage Any Any

Computer with Fiji-ImageJ Any Any

Counting Chamber Fisher Scientific 02-671-10

Curved scissors Roboz RS-5859

Distilled water Any Any

Elastase MP Biomedicals 100617

Electronic scale Any Any

Fetal Bovine Serum (FBS) R&D Systems S11150

Forceps Roboz RS-8100

Ice N/A N/A
Incubator See comments See comments

Methanol Fisher Scientific A412SK-4

Methylene blue Sigma-Aldrich 03978-250ML

Penicillin Streptomycin ATCC 30-2300

Pins or needles Any Any

Plastic calipers VWR 25729-670

RMPI-1640 Medium ATCC 30-2001

Rocker or rotating wheel Any Any

Sharp scissors Roboz RS-6702
Sterile disposable filter with PES 

membrane ThermoFisher Scientific 568-0010

T-150 Flasks Fisher Scientific 08-772-48
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T-25 Flasks Fisher Scientific 10-126-10

T-75 Flasks Fisher Scientific 13-680-65

Tri-cornered plastic beaker Fisher Scientific 14-955-111F

Trypan blue VWR 97063-702

Trypsin-EDTA ATCC 30-2101

Type IV collagenase Sigma-Aldrich C5138

1 cm tissue culture plates Nunclon 153066

1 mL syringe BD 309659

1.7 mL microcentrifuge tubes VWR 87003-294

10 cm tissue culture plates Fisher Scientific 08-772-22

12 well plate Corning 3512

15 mL centrifuge tube Fisher Scientific 14-959-70C

1X Dulbecco's Phostphate Buffered 

Saline (DPBS) Fisher Scientific SH30028FS
1X Hank’s Balanced Saline Solution 

(HBSS) Thermo Scientific SH3026802

27 g 1/2 in needles Fisher Scientific 14-826-48

4T1 (ATCC® CRL­2539™) ATCC CRL-2539

50 mL centrifuge tube Fisher Scientific 14-959-49A

6-Thioguanine Sigma-Aldrich A4882

70 μM cell strainer Fisher Scientific 22-363-548

70% ethanol Sigma Aldrich E7023



Comments/Description

Use approved materials in your institution's policies

Use approved materials in your institution's policies

Minimum of 8 megapixels

Needs to be capable of 125 x g and 300 x g

Use approved materials in your institution's policies

Needs to be capable of running Fiji-ImageJ

Needs to be capable of 5% CO2 and 37 °C

For pinning down mice during necropsy



Used to weigh mice

Dilute to 70% with DI water



General Response to the Reviewers and Editors: 
 
The authors would like to express our gratitude for the reviewers and editors for the time 
they dedicated to reviewing this manuscript. We greatly appreciate the opportunity to 
improve our manuscript based on the comments we received. Our specific responses are 
included below, and all changes made to the manuscript are highlighted in the document 
following the Journal’s guidelines. Overall, we included histopathological analysis, clarified 
other aspects of the protocol, and amended which steps should be included in the video. In 
general, we believe that the revised manuscript is significantly improved over the original 
submission. 
 
Editorial Comments: 
 
• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammatical errors.  
Response: 
Thank you for the opportunity to fix any errors. The authors have checked for spelling and 
grammatical errors. 
 
• Avoid punctuating the title.  
Response: 
The title has been changed to “Using computer-based image analysis to improve 
quantification of lung metastasis in the 4T1 breast cancer model” to avoid punctuation. 
 
• Protocol Detail: Please note that your protocol will be used to generate the script for the 
video, and must contain everything that you would like shown in the video. Please ensure that 
all specific details (e.g. button clicks for software actions, numerical values for settings, etc) 
have been added 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. 
Examples: 
1) 2.4: How is depth of anesthesia confirmed?  
2) 7.2: Mention camera specifications.  
Response: 
1) This step was amended to include how to monitor depth of anesthesia in lines 166-168. 
2) The camera specifications have been added to the Note under 7.2 in lines 300-301. 
Other slight wording changes were made to the protocol details to alleviate any vagueness, 
and these changes are highlighted. Importantly, we have re-evaluated what steps should be 
shown in the video. The steps highlighted in gray are those we wish to be shown in the video. 
 
• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion 
should be similarly focused. Please ensure that the discussion covers the following in detail and 
in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the 
technique, 3) significance with respect to existing methods, 4) future applications and 5) critical 
steps within the protocol.  
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Response: 
The authors included additional details in the Discussion to elaborate further on these topics. 
Important to all of these aspects of the Discussion are that we used multiple approaches to 
the Fiji-ImageJ analysis as discussed in lines 428-465. 
1) Modifications and troubleshooting are mentioned in lines 443, 474-477.  
2) Limitations are summarized in lines 490-494.  
3) Significance with respect to existing methods are mentioned in lines 419-425.  
4) Future applications are mentioned in lines 494-500.  
5) Critical steps are mentioned in lines 467-472. 
 
• Figure/Table Legends: Define all error bars. Mention statistical tests used.  
Response: 
Error bars are defined and the statistical test is identified in the Figure Legend of Figure 3. No 
other figures had statistics run on them as they were not comparing means. 
 
• References: A minimum of 10 references is required.  
Response: 
Additional relevant references have been added to meet this requirement. 
 
• Table of Materials: Please sort in alphabetical order.  
Response: 
The table has been sorted in alphabetical order. 
 
• If your figures and tables are original and not published previously or you have already 
obtained figure permissions, please ignore this comment. If you are re-using figures from a 
previous publication, you must obtain explicit permission to re-use the figure from the previous 
publisher (this can be in the form of a letter from an editor or a link to the editorial policies that 
allows you to re-publish the figure). Please upload the text of the re-print permission (may be 
copied and pasted from an email/website) as a Word document to the Editorial Manager site in 
the "Supplemental files (as requested by JoVE)" section. Please also cite the figure 
appropriately in the figure legend, i.e. "This figure has been modified from [citation]."  
Response: 
This is not relevant for our figures. 
  

 
  
 
Comments from Peer-Reviewers: 
____________________________________ 
Reviewers' comments: 
Reviewer #1: 
Manuscript Summary: 
This manuscript gives methodology to quantify distant metastasis using an in vitro culture 
approach with a standard camera phone and imageJ software. The authors use the 4T1 breast 



cancer model which is highly metastatic to the lung. This model frequently forms several 
metastatic lesions in the lung making accurate quantification by tissue histology difficult and 
potentially inaccurate. This is a really useful way of quantifying metastasis and the authors 
correctly point out that this methodology could be used in other organs depending on the 
tumour model. The equipment, software and protocol are very clear and easy to follow.  
Response: 
Thank you for this summary. We have included histopathological analysis by a board-certified 
veterinary pathologist and believe it further confirms the usefulness of our protocol. 
 
Major Concerns: 
Using an in vitro approach like this is an alternative to quantification from tissue sections which 
is very laborious however it would be useful to compare quantification from tissues histology 
versus in vitro (using both manual and imageJ quantification).  
Response: 
Thank you for this suggestion. A board-certified veterinary pathologist was added to the 
paper for analyzing H&E stained lung slides from these mice. We have included the data in 
our evaluation and discussion as highlighted throughout the manuscript. 
 
The authors describe how the amount of metastasis will vary according to the number of 
tumour cells originally injected into the mammary fat pad. It would be good to show this 
quantification methodology from several mice with differing numbers of injected tumour cells.  
Response: 
This is a great suggestion; however, we feel that it is a bit outside of the scope of this 
manuscript. Metastasis can be highly variable based on multiple biological factors, including 
mouse genotype and/or tumor genotype if the 4T1 cells have been altered. Instead of varying 
the number of cells injected, we chose to use mice of different genotypes, which we felt 
would better reflect the more common experimental interests of the users of this protocol. 
The mice used in this manuscript were different genotypes, and were expected to have 
varying levels of lung metastases. The results demonstrate the expected difference between 
mice, so therefore we believe that demonstrates the success of this protocol. We mention the 
different genotypes in line 75-76, but do not elaborate further as we believed it would 
potentially add confusion. 
 
Minor Concerns: 
It would be useful to know if there are upper limits for the maximum density of colonies that 
imageJ can resolve.  
Response: 
We agree that this would be useful. Here, we show that Fiji-ImageJ correctly analyzed the 
most metastatic plate in this manuscript (as obvious to the naked eye) as the most 
metastatic, so we do not believe we reached an upper limit. Under most experimental 
conditions, a fully confluent plate would not/should not be included in any analysis as it is 
likely an outlier. Thus, we believe that we have captured the most likely experimental 
outcomes. 



 
Using this methodology is it possible to quantify the rates of growth of metastasis?  
Response: 
It would be possible if mice were sacrificed at different time points during the study. For 
example, if you wanted to see how quickly the cancer is spreading to the lung, you could 
sacrifice a set of mice on days 2, 4, 6, 8… post-injection and then analyze using the 
methodology we present. It could also be used to determine the effect of anti-cancer 
treatments on lung metastases. These points have been included in lines 495-496. 
 
 
 
Reviewer #2: 
Manuscript Summary: 
The method aims at quantifying the metastatic burden in the lung of a 4T1 breast cancer mouse 
model. The manuscript reports data from the lung so the title should probably be "(…) in the 
lung of a 4T1 breast cancer model" as the method cannot provide the complete metastatic 
burden. 
I found the manuscript was clearly written and well organized. 
Response: 
Thank you for this summary. We have adjusted the title accordingly. 
 
Major Concerns: 
For a protocol to be useful, it needs to provide accurate and reproducible results. 
Unfortunately, the accuracy and the reproducibility of the protocol was not reported. 
 
1) Accuracy: The method would need to be tested against a gold standard method. Note that 
manual counting of colonies is not appropriate as clearly reported by the authors.  
Response: 
You are correct in that trusting manual counting as a gold standard is clearly not appropriate. 
However, manual counting is actually considered the standard of metastasis quantification 
for this model, based on its description in Current Protocols in Immunology in 2001, and we 
have clarified this in lines 80-81. We have added histopathology evaluation of H&E stained 
lung slides by a board-certified veterinary pathologist as another method to compare this 
protocol to. Please see this added discussion highlighted throughout the manuscript. 
 
2) Reproducibility: The authors could have easily repeated the steps of retaking photographs of 
existing plates with slightly varying lighting conditions and analyzing the results to demonstrate 
the method is robust (or not). Counting the same plates from the same images by different 
users, as reported by the authors, is also a necessary step as it demonstrates how different 
users can reproduce the image analysis portion of the method.  
Response: 
We apologize for not making this clearer in the manuscript. We did indeed retake the 
photographs of the plates 3 different times, as shown by the 3 separate images in Figure 3A. 
The photographs were taken in 2 separate lab spaces with slightly different lighting. We also 



re-arranged the plates in the images or took the image from a different angle for the 3 images 
used. We have clarified this in lines 348-350 and 357-359.  
 
Minor Concerns: 
3) Line 301: My understanding is that the image analysis method relies on an intensity 
threshold. Surely this is very dependent on lighting conditions.  
Response: 
You are correct in that lighting would affect the quality of the image, and therefore the 
analysis. We have specified in lines 295 and 473 that the area should be well-lit. Thresholding 
is a method to discriminate between the foreground and background. The default threshold 
command in our protocol tells the software to ignore histogram extremes. As our results for 
different images, taken in slightly different lighting conditions, were similar, we believe this 
method is robust. 
 
4) Line 325: The results of Figure 2 differ very widely. Were they trained for the task? It does 
not make much sense that a counter finds below 100 colonies when another one finds more 
than 2000.  
Response: 
Thank you for allowing us to clarify the wide difference between manual counters. We have 
clarified in the text how the researchers were prepared for counting manually in line 343 and 
392-393. 
 
5) Figure 3 B is difficult to read.  
Response: 
Thank you for bringing this to our attention. We elongated the x axis to help with readability. 
 
6) Line 339: The comparison would be easier if the type of graph was similar between figure 2 
and figure 3C. 
Response: 
The graph has been adjusted to be the same type of graph as Figures 2A, 2B, 3A, and 3B.  
 
7) Line 347: The main weakness of the method is that it is not compared to a gold standard. 
Manual counting is shown to be highly variable between observers, so this does not constitute 
a ground truth. Examination of the ranking from least to most metastatic burden is interesting, 
but it does not constitute a ground truth either.  
Response: 
Thank you for bringing this concern to our attention. Please see our response to concern #1. 
 
8) Line 368: Here it is mentioned that the researchers were trained to count metastatic colonies 
the same way. I'm afraid something went very wrong in light of the large difference between 
their results. It was not mentioned in the text that they had been trained, it was simply 
mentioned that they were instructed in the same way. Please clarify.  
Response: 



Thank you for bringing this concern to our attention. Please see our response to concern #4. 
 
9) Line 413 and following. I understand how using a circle selection tool on an image containing 
all the plates yields more consistent results than cropping images with a variable size and 
redrawing a circle selection every time. Now, can the authors present the analysis of the same 
plates using two or three different photographs? This would have informed the reader on the 
reproducibility of the method.  
Response: 
Thank you for bringing this concern to our attention. We repeated our procedure for 3 
different photographs. Please see our response to concern #2.  
 
10) Figure 3 shows a wide difference in metastatic burden. The protocol appears to be very 
strict so are these differences due to an expected inter-individual difference or are they due to 
the proposed protocol?  
Response: 
This is a great point. The mice used in this manuscript had different genotypes, with 
differences in lung metastasis between genotypes expected. Using this protocol, there was a 
significant difference in lung metastasis between genotypes, and therefore solidifies our 
belief that our method is robust. Inter-individual differences are also expected in this model. 
We mention the different genotypes in line 75-76, but do not elaborate further as we 
believed it would add confusion, not clarity.  
 
11) Figure 5. I do not believe the number of significant digits is adequate in Figure 5. Could it be 
79.9% and 20.8% in panel A?  
Response: 
Thank you for pointing this out. We have adjusted the significant figures throughout the 
manuscript.  
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subject to all limitations and requirements set forth in, the
CRC License.

Margaret A Nagai-Singer, Alissa Hendricks-Wenger, Rebecca M Brock, Holly A Morrison, Juselyn D Tupik
, Sheryl Coutermarsh-Ott, Irving C Allen

Using computer-based image analysis to improve quantification of lung metastasis in the 4T1 
breast cancer model. 

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement signed.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1241150&guid=6da55022-f736-4b95-b6ad-4a8f2a5dff7f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1241150&guid=6da55022-f736-4b95-b6ad-4a8f2a5dff7f&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

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 of 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.


