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SHORT ABSTRACT:  36 

We introduce a murine orthotopic breast cancer model and radical mastectomy model with 37 

bioluminescence technology to quantify the tumor burden to mimic human breast cancer 38 

progression. 39 

 40 

LONG ABSTRACT:  41 

In vivo mouse models to assess breast cancer progression are essential for cancer research, 42 

including preclinical drug developments. However, the majority of the practical and technical 43 

details are commonly omitted in published manuscripts which, therefore, makes it challenging 44 
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to reproduce the models, particularly when it involves surgical techniques. Bioluminescence 45 

technology allows for the evaluation of small amounts of cancer cells even when a tumor is not 46 

palpable. Utilizing luciferase-expressing cancer cells, we establish a breast cancer orthotopic 47 

inoculation technique with a high tumorigenesis rate. Lung metastasis is assessed utilizing an ex 48 

vivo technique. We, then, establish a mastectomy model with a low local recurrence rate to 49 

assess the metastatic tumor burden. Herein, we describe, in detail, the surgical techniques of 50 

orthotopic implantation and mastectomy for breast cancer with a high tumorigenesis rate and 51 

low local recurrence rates, respectively, to improve breast cancer model efficiency.  52 

 53 

INTRODUCTION:  54 

Animal models play a key role in cancer research. When a hypothesis is proven in vitro, it should 55 

be tested in vivo to evaluate its clinical relevance. Cancer progression and metastasis are often 56 

better captured by animal models as compared to in vitro models, and it is essential to test a new 57 

drug in an animal model as a preclinical study for drug development1,2. However, the technical 58 

details of animal experiments are often not well described in published articles, making it 59 

challenging to reproduce the model successfully. Indeed, the authors who established these 60 

orthotopic inoculation and mastectomy models went through long and rigorous processes of trial 61 

and error. The success rate of tumorigenesis after cancer cell inoculation is one of the key factors 62 

to determine the success and efficiency of an animal study3. The cell line and the number of cells 63 

to inoculate, the inoculation site, and the strain of the mice are all important factors. It is well 64 

known that there are huge variations in the results of animal experiments due to individual 65 

differences, compared to in vitro techniques. Therefore, using a well-established model with a 66 

standard technique is important to obtain stable results, to improve the efficiency of animal 67 

experiments, and to avoid misleading results. 68 

 69 

This paper provides well-established techniques4 to generate breast cancer orthotopic and 70 

mastectomy mouse models. The aims of these methods are 1) to mimic human breast cancer 71 

progression and treatment courses, and 2) to conduct in vivo experiments with greater efficiency 72 

and higher success rates compared to other breast cancer inoculation or mastectomy techniques. 73 

In orthotopic cancer cell inoculation, to mimic human breast cancer progression, we choose the 74 

#2 mammary fat pad as an inoculation site, which is located in the chest. In most of the studies, 75 

breast cancer cells are inoculated subcutaneously5. This technique does not require surgery and, 76 

thus, it is simple and straightforward. However, the subcutaneous microenvironment is quite 77 

different from the mammary gland microenvironment, which results in different cancer 78 

progression and even molecular profiles6,7. Some studies use the #4 mammary gland, which is 79 

located in the abdomen, as an inoculation site6. However, since #4 mammary glands are located 80 

in the abdomen, the most common metastatic pattern is peritoneal carcinomatosis7, which 81 

occurs with less than 10% of metastatic breast cancer8. Breast cancer generated by the technique 82 

presented here, in the #2 mammary gland, metastasizes to the lung, which is one of the most 83 

common breast cancer metastatic sites9.  84 

 85 

With this technique, the goal is also to achieve a higher tumorigenesis rate with minimal tumor 86 

size variability compared to other breast cancer inoculation techniques. To do so, cancer cells 87 

suspended in a gelatinous protein mixture are inoculated under direct vision through a median 88 



 

 

anterior chest wall incision. This technique produces a high tumorigenesis rate with less 89 

variability in tumor size and shape compared to subcutaneous or non-surgical injection, as 90 

previously reported3,7.  91 

 92 

We also introduce a mouse radical mastectomy technique in which the orthotopic breast tumor 93 

is resected with the surrounding tissues and axillary lymph nodes. In the clinical setting, the 94 

standard of care for breast cancer patients without distant metastasis disease is mastectomy10,11. 95 

Before a mastectomy, axillary lymph node metastasis is surveyed by imaging and sentinel lymph 96 

node biopsy. If there is no evidence of axillary lymph node metastasis, the patient is then treated 97 

with a total or partial mastectomy, in which the axillary lymph node resection is omitted. Total 98 

mastectomy is a technique to resect breast cancer with the whole breast tissue en bloc, whereas 99 

partial mastectomy is to resect breast cancer with a margin of surrounding normal breast tissue 100 

only, thus conserving the remaining normal breast tissue in the patient. However, patients who 101 

preserve remaining normal breast tissue after a partial mastectomy require postoperative 102 

radiotherapy to avoid local recurrence10. Patients who have axillary lymph node metastasis 103 

undertake radical mastectomy which removes the breast cancer with all normal breast tissue and 104 

axillary lymph nodes and invaded tissues en bloc10,11. In the mouse model, surveillance for axillary 105 

lymph node metastasis and/or post-operative radiation is not reasonable or feasible. Thus, we 106 

utilize the radical mastectomy technique to avoid local or axillary lymph node metastasis.  107 

 108 

Cancer cell inoculation via the tail vein is the most common lung metastasis mouse model12, the 109 

so-called “experimental metastasis”. This model is easy to generate and does not require surgery; 110 

however, it does not mimic human breast cancer progression which may result in different 111 

metastatic disease behavior. In order to mimic the human breast cancer treatment course where 112 

metastasis often occurs after mastectomy, the primary tumor is removed after orthotopic cancer 113 

cell inoculation. This technique produces less local recurrence compared to simple tumor 114 

resection, as previously reported13, and is useful for novel therapeutics, preclinical studies, and 115 

for metastatic breast cancer research studies. The techniques described here are applicable for 116 

most breast cancer orthotopic model experiments. However, it is important to consider that the 117 

gelatinous protein mixture can affect the microenvironment and surgery can affect the 118 

stress/immune response14. Therefore, investigators studying the microenvironment and/or the 119 

stress/immune response should be aware of potential confounding factors. 120 

 121 

PROTOCOL:  122 

Approval from the Roswell Park Comprehensive Cancer Center Institutional Animal Care and Use 123 

Committee was obtained for all experiments.  124 

 125 

Note: Nine- to twelve-weeks-old female BALB/c mice are obtained. 4T1-luc2 cells, a mouse 126 

mammary adenocarcinoma cell line derived from BALB/c mice that has been engineered to 127 

express luciferase, are used. These cells are cultured in Roswell Park Memorial Institute (RPMI) 128 

1640 medium with 10% fetal bovine serum (FBS). 129 

 130 

1. Preparation of Instruments 131 

 132 



 

 

1.1) Thaw a frozen gelatinous protein mixture (e.g., Matrigel) on ice in a tissue culture hood. 133 

 134 

1.2) Clean and autoclave two sets of surgical instruments (microdissection scissors, Adson 135 

forceps, and a needle holder) prior to surgery. Prepare sterilized 5-0 silk sutures and dry sterilant 136 

(when serial surgeries are planned). 137 

 138 

1.3) Clip the middle chest hair of the mice using a clipper and mark the mice for identification by 139 

punching the ear prior to the time of surgery.  140 

 141 

1.4) Prepare the procedure table, which can be immediately used for the operation.  142 

 143 

1.4.1) Spread an absorbent pad and fix the corners with tape, fix anesthesia nose cones with 144 

tape, put sterilant and disinfectant (chlorhexidine, iodine, and 75% ethanol) beside the operating 145 

space, and place the mice in operation order.  146 

 147 

2. Preparation of Cells (for 10 Mice) 148 

 149 

Note: The cells should be inoculated within 1 h after being detached from the dish to avoid 150 

decreased cell viability. Specifically, the cell suspension should be mixed into the gelatinous 151 

protein mixture within 15 min after detaching the cells from the dish to maintain their viability.  152 

 153 

2.1) Culture 4T1-luc2 cells, a mouse mammary adenocarcinoma cell line expressing luciferase, in 154 

RPMI 1640 media with 10% FBS in a humidified incubator at 37 °C in 5% CO2. 155 

  156 

2.2) Wash the adherent 4T1-luc2 cells in a 10-cm dish with phosphate-buffered saline (PBS) using 157 

a 10-mL serological pipette. Add 1 mL of 0.25% trypsin using a P1000 pipette and, then, incubate 158 

the sample at 37 °C for 5 min. Then, add 4 mL of growth media (RPMI-1640 with 10% FBS) using 159 

a 5-mL serological pipette and transfer the cell suspension to a 15-mL conical tube in a tissue 160 

culture hood. Centrifuge the cell suspension at 180 x g for 5 min. 161 

 162 

2.3) Aspirate the supernatant and resuspend the cells in 2 mL of PBS; then, count the cells using 163 

the hemocytometer. 164 

 165 

2.4) Suspend 2 x 106 4T1-luc2 cells in 40 μL of cold PBS (pH 7.4, 4 °C) in the tissue culture hood. 166 

 167 

2.5) Mix the 40-μL cell suspension with 360 μL of the gelatinous protein mixture in a 1.5-mL 168 

microcentrifuge tube on ice in the tissue culture hood.  169 

 170 

Note: The final concentration is 1 x 105/20 μL (1:9 PBS:gelatinous protein mixture). For the 171 

orthotopic model (no mastectomy), 1 x 104/20 μL of the final concentration was used, to avoid 172 

reaching euthanasia criteria (tumor size > 2 cm) within two weeks.  173 

 174 

3. Cancer Cell Inoculation 175 

 176 



 

 

3.1) Put the mice in the anesthesia induction chamber with 2.5% isoflurane and 0.2 L/min oxygen 177 

flow until the mice breathe calmly (2 - 3 min). 178 

 179 

3.2) Grasp the mouse and inject 0.05 mg/kg buprenorphine into its shoulder subcutaneously. 180 

  181 

3.3) Confirm adequate anesthesia by the lack of reaction to a toe pinch. Insert the mouse’s nose 182 

into the hole of the mouse mask, which allows inhalational anesthesia with 2.5% isoflurane and 183 

2 L/min oxygen flow attached to a charcoal canister unit. 184 

 185 

3.4) Restrain the mouse’s limbs using lab tape and sterilize its skin using chlorhexidine, iodine, 186 

and 75% ethanol, using cotton swabs. 187 

 188 

3.5) Make a 5-mm skin incision in the middle of the anterior chest wall utilizing sterile 189 

microdissection scissors, lift the right-side skin next to the incision and detach the skin from the 190 

chest wall using the scissors, and then, invert the skin to expose the right #2 mammary fat pad. 191 

 192 

3.6) Carefully inject 20 μL of cancer cell suspension using a 1-mL insulin syringe with a 28.5-G 193 

needle into the fat pad under direct vision through the wound.  194 

 195 

Note: The needle goes through the wound, not the skin. Keep holding the needle in the fat pad 196 

for 5 s prior to pulling it out, which allows time for the gelatinous protein mixture to solidify. 197 

 198 

3.7) Close the skin incisions by stitching, using sterile 5-0 non-absorbable sutures.  199 

 200 

3.8) After surgery, return the animals to a clean cage and monitor them until they have recovered 201 

and are moving freely (after ~1 - 2 min). 202 

 203 

3.9) Remove the sutures under anesthesia (see step 3.1) 7 d after the surgery. 204 

 205 

4. Mastectomy 206 

 207 

Note: The timing of the mastectomy is very important. If it is done too early, lung metastasis does 208 

not occur. If it is done too late, the primary tumor has invaded major blood vessels, which make 209 

a complete oncologic resection challenging. Thus, multiple time points were tested for 210 

mastectomy to determine which time point produced the appropriate balance in waiting for 211 

metastasis before resection became too challenging. After doing so in over 50 mouse 212 

experiments, it was demonstrated that mastectomy at 8 d after cancer cell inoculation (or when 213 

the tumor size reaches 5 mm) was the ideal time point to achieve that balance13. 214 

 215 

4.1) Anesthetize a mouse with 2.5% inhaled isoflurane and inject buprenorphine (see steps 3.1 216 

and 3.2).  217 

 218 

4.2) Restrain the mouse and sterilize its skin (see step 3.4). 219 

 220 



 

 

4.3) Make a 5-mm skin incision 2 mm to the left from the surgical scar that was made at the initial 221 

cancer cell inoculation, using the microdissection scissors. Extend the incision toward the root of 222 

the forelimb to remove the tumor, the skin including the surgical scar, and the lesion in contact 223 

with the tumor, as well as the axillary lymph node basin in which most of the time no visible 224 

lymph node exists at the time of the mastectomy13. Make sure not to damage the axillary vein. 225 

 226 

4.4) Close the skin defects by stitching, using sterile 5-0 non-absorbable sutures in the shape of 227 

a “Y”.  228 

 229 

4.5) The same as in step 3.8, return the mouse to a clean cage and monitor until they have 230 

recovered. 231 

 232 

4.6) Remove the sutures under anesthesia (see step 3.1) 7 d after surgery. 233 

 234 

5. Bioluminescent Quantification of the Primary Tumor (Orthotopic Inoculation Without 235 

Mastectomy) or Lung Metastasis (Mastectomy Model)  236 

 237 

Note: For primary tumor burden quantification, the bioluminescence is measured 2x a week from 238 

the day after the orthotopic inoculation. For lung metastasis quantification, the bioluminescence 239 

is measured 2x a week from the day after the mastectomy. 240 

 241 

5.1) Dissolve D-luciferin in Dulbecco’s phosphate-buffered saline (DPBS) to a final concentration 242 

of 15 mg/mL in a tissue culture hood. Aliquot it into light-shielded 1.5-mL microcentrifuge tubes. 243 

Store the diluted solution at -80 °C.  244 

 245 

Note: For a 20-g mouse, 200 µL of diluted D-luciferin is required.  246 

 247 

5.2) Open the imaging software and click Initialize.  248 

 249 

Note: It takes about 15 min to cool the charge-coupled device (CCD). When the CCD reaches the 250 

set temperature, the color of the Temperature bar changes from red to green. 251 

 252 

5.3) Anesthetize the mice with 2.5% isoflurane in a dedicated induction chamber prior to imaging 253 

(see step 3.1).  254 

 255 

5.4) Weigh the mice. 256 

 257 

5.5) Inject 150 mg/kg D-luciferin intraperitoneally at the point of the mid-abdomen, using a 28.5-258 

G needle.  259 

 260 

5.6) Fit each mouse with a nose cone inside the imaging system in the supine position (place a 261 

maximum of five mice at the same time). Maintain anesthesia at 1% - 3% isoflurane (in 100% 262 

oxygen) through the nose cones during imaging.  263 

 264 



 

 

5.7) Capture an image every 5 min to detect the peak bioluminescence for 50 min (or up to the 265 

confirmed peak bioluminescence).  266 

 267 

5.7.1) Select Luminescence as Auto, Binning as Medium, and Field of View as D. 268 

 269 

5.7.2) Click Acquire to capture the image.  270 

 271 

5.8) Return the mice to their cage(s) and monitor them until they have recovered (see step 3.8). 272 

 273 

6. Lung Metastasis Tumor Burden Quantification by Ex Vivo Imaging  274 

 275 

Note: Lung metastasis quantification is applicable for orthotopic inoculation both with and 276 

without mastectomy models. In the mastectomy model, ex vivo imaging or survival observation 277 

is chosen, depending on the purpose. In the orthotopic inoculation (without mastectomy) model, 278 

most cases produce primary tumor size euthanasia criteria (> 2 cm) approximately 21 d after 279 

inoculation.  280 

 281 

6.1) Quantify lung metastatic lesions 21 d after the cancer cell inoculation by ex vivo imaging.  282 

 283 

6.2) Anesthetize the mice with 2.5% isoflurane in a dedicated induction chamber (see step 3.1).  284 

 285 

6.3) Weigh the mice. 286 

 287 

6.4) Inject 150 mg/kg D-luciferin intraperitoneally (see step 5.6).  288 

 289 

6.5) Euthanize the mice by cervical dislocation, 15 min after the injections.  290 

 291 

6.6) Open the abdomen by cutting the skin and peritoneum at the mid-abdomen, using curved 292 

Mayo scissors. Extend the incision to both the right and the left. Pull out the liver with forceps 293 

until the diaphragm is visualized; then, cut the diaphragm. 294 

 295 

6.7) Using the curved Mayo scissors, cut the bilateral ribs from caudad (12th ribs) to cephalad 296 

(1st ribs) to expose the lungs by flipping the anterior thorax wall. 297 

 298 

6.8) Identify the thoracic esophagus, which looks like a cord connecting the lungs to the spine, 299 

by lifting the lungs using forceps and, then, cut the esophagus using the microdissection scissors. 300 

 301 

6.9) Lift the bilateral lungs and heart using forceps (applying traction pulling down, in the 302 

direction of cephalad to caudad) and, then, cut the trachea and major vessels to the lung apex at 303 

the cephalad, using microdissection scissors.  304 

 305 

Note: This allows for the isolation of the lung and heart from the body.  306 

 307 

6.10) Remove the heart from the lung using microdissection scissors. 308 



 

 

 309 

6.11) Put the lungs in a 10-cm Petri dish. 310 

 311 

6.12) Capture the bioluminescence image (see steps 5.7.1 and 5.7.2) 5 min after euthanasia (20 312 

min after the luciferin injection).  313 

 314 

REPRESENTATIVE RESULTS:  315 

The purpose of the orthotopic model is to mimic human cancer progression (i.e., the growth of 316 

the primary tumor followed by lymph node metastasis and then distant lung metastasis)15. After 317 

cancer cell inoculation, the bioluminescence is quantified regularly (two to three times/week) 318 

(Figure 1A). The bioluminescence in the lungs is deeper and smaller than the primary lesion. The 319 

bioluminescence mainly reflects the primary tumor burden in live mice3 (Figures 1B and 1C). The 320 

tumor size was also measured by caliper measurement. The tumor volume was estimated using 321 

the following equation: volume = (length) x (width)2/2 (Figure 1D). Quantification of the tumor 322 

burden by bioluminescence and caliper measurement showed similar trends in the 323 

representative results (Figures 1B and 1D); however, we sometimes encountered discrepancies. 324 

We assume that quantifying the primary tumor burden utilizing bioluminescence is more 325 

accurate compared to measuring the tumor size by caliper when the tumor size is less than 1.5 326 

cm. Because it reflects viable cancer cells, even a small number of cells can be detected by 327 

bioluminescence, and only cancer cells can be detected inside of the tumor, not including 328 

infiltrating immune cells or surrounding stromal cells3. This model is useful in evaluating the 329 

efficacy of tumor regression mediated by anti-cancer drug and immune responses3,7,16. The 330 

tumor burden of the lung metastases can also be quantified by ex vivo imaging in this model 331 

(Figure 1E); however, the limitation is that the mice must be euthanized to quantify the 332 

metastatic tumor burden.  333 

 334 

The purpose of the mastectomy model is to 1) reproduce the standard of care treatment of 335 

human breast cancer, which is the surgical removal of the primary tumor17, and 2) allow the serial 336 

quantification of the metastatic tumor burden in vivo. This model is particularly useful in the 337 

preclinical study of the development of novel therapeutics13. As previously published, an Src 338 

inhibitor, AZD0530, which showed efficacy in the preclinical mice model but failed in a clinical 339 

trial for breast cancer treatment, showed efficacy in the primary lesion utilizing orthotopic 340 

inoculation without mastectomy but not in lung metastasis utilizing the mastectomy model 341 

presented here. Although anti-cancer drugs (e.g., anthracyclines) are sometimes used in humans 342 

as neoadjuvant therapy to treat primary breast tumors, the vast majority of drugs are used as 343 

adjuvant therapy where drugs are given after surgery to reduce the risk of recurrence by treating 344 

clinically undetectable cancer or as palliative treatment for metastatic cancer1,7,18. Thus, this 345 

mastectomy model was established, which mimics the human treatment process11.  346 

 347 

Eight days after the cancer cell inoculation, the primary tumor is surgically removed (Figure 2). 348 

To test any of the drug efficacies for metastatic lesions, it should be administrated after the 349 

mastectomy. This model allows for lung metastatic lesion quantification, as well as whole-body 350 

metastatic lesion quantification, as long as the metastatic tumor burden has a detectable 351 

bioluminescence utilizing in vivo imaging. The anterior chest wall local recurrence rate is quite 352 



 

 

low. In our experience, the local recurrence rate was less than 5% in over 50 mice experiments. 353 

However, if the postoperative day 1 bioluminescence exceeds 1.00E + 06 photons (10x larger 354 

than other individuals), there is a high possibility of a local residual tumor13. If there are remnant 355 

cancer cells present, a palpable tumor appears within two weeks. When there is a local residual 356 

tumor, the bioluminescence mainly reflects that local recurrence rather than any metastatic 357 

lesions. Local residual tumors are known to behave very differently than distant metastases19; 358 

thus, those animals with local recurrence (< 5% in our experience) should be excluded from any 359 

further analysis. This mastectomy model also allows for serial metastatic tumor burden 360 

monitoring without having to euthanize the animals. Furthermore, such bioluminescent 361 

monitoring can be confirmed by ex vivo lung metastasis quantification. Instead of quantifying 362 

lung metastases by ex vivo imaging, thus having to euthanize the animals, mice survival after 363 

surgical treatment can also be monitored as a translatable clinical endpoint (Figure 2D). Since 364 

there is no primary lesion, mice cannot meet euthanasia tumor criteria which are generally 365 

defined as a tumor size of > 2 cm or ulceration of the primary tumor. In this 4T1 mastectomy 366 

model, all mice died within 60 days after cancer cell inoculation due to metastasis. 367 

 368 

FIGURE LEGENDS:  369 

 370 

Figure 1: Overview of the orthotopic model without mastectomy. (A) This panel shows a time 371 

course of the orthotopic model utilizing the 4T1 syngeneic model. (B) This panel shows the whole-372 

body bioluminescence of an orthotopic model which mainly reflects the primary tumor. The error 373 

bar indicates the standard error of the mean (n = 10). (C) This panel shows serial images of whole-374 

body bioluminescence (of the same mouse). The scale bar indicates 1 cm. (D) This panel shows 375 

the actual tumor size of panel B, measured by calipers. The error bar indicates the standard error 376 

of the mean (n = 10). (E) This panel shows lung ex vivo bioluminescence images of 10 orthotopic 377 

model mice (n = 10). The scale bar indicates 1 cm. 378 

 379 

Figure 2: Overview of the mastectomy model. (A) This panel shows a time course of the 380 

mastectomy model after 4T1 orthotopic syngeneic implantation. The scale bar indicates 1 cm. (B) 381 

This panel shows the whole-body bioluminescence of the mastectomy model, which mainly 382 

reflects metastatic lesion. The error bar indicates the standard error of the mean (n = 10). (C) This 383 

panel shows serial images of whole-body bioluminescence (of the same mouse). Utilizing ex vivo 384 

imaging, it was confirmed that the signals were from lung metastasis, and no local recurrence 385 

was confirmed by whole-body imaging after lung removal. The scale bar indicates 1 cm. (D) This 386 

panel shows the Kaplan-Meier survival curve of the mastectomy model without any drug 387 

treatment.  388 

  389 

DISCUSSION:  390 

For the last decade, we have been establishing multiple murine cancer models, including breast 391 

cancer models3,7,13,16,20,21. Previously, we demonstrated that breast cancer cell orthotopic 392 

inoculation into the mammary gland tissue under direct vision produced a larger tumor with less 393 

size variability compared to injecting cells around the nipple without a surgical incision7. This 394 

model has been improved upon by utilizing a cell suspension in a gelatinous protein mixture. The 395 

shapes of the tumor generated by the gelatinous protein mixture-suspended cells were round 396 



 

 

with less variability, whereas those generated by PBS-suspended cells were scattered in the 397 

mammary gland3. 398 

 399 

We further verified that the tumors generated by the surgical orthotopic implantation method 400 

presented here highly expressed the genes whose interaction networks are important in cancer 401 

progression compared to those generated by non-surgical or subcutaneous injection7. These 402 

findings imply that this model mimics human breast cancer better compared to non-surgical 403 

orthotopic or subcutaneous implantation7. We also demonstrated that this model is suitable to 404 

evaluate the immune-mediated regression of breast cancer using allogenic rejection3. However, 405 

skin incision can also cause inflammation around the tumor14. Therefore, depending on the 406 

hypothesis tested by the investigator, it is important to consider inflammation as a possible 407 

confounding factor. 408 

 409 

Other than the neoadjuvant setting, the vast majority of systemic therapies are administered 410 

after the primary breast tumor is surgically removed11. To date, the majority of preclinical studies 411 

for new drug development evaluate drug response in the primary tumor, but not in the 412 

metastatic lesions1,18. This discrepancy between animal models and human treatment is 413 

important because the gene profile of the metastatic lesions is significantly different from those 414 

of the primary lesion22, which has important implications for cancer biology and treatment, 415 

especially in the era of targeted therapy22. Therefore, the efficacy of the drug for adjuvant 416 

therapy should be evaluated in the metastatic lesions, not merely in the primary tumor. We 417 

verified the timing of the lymph node and lung metastasis formation after orthotopic inoculation, 418 

utilizing the 4T1 breast cancer orthotopic model16. We also demonstrated that a resection of the 419 

primary tumor improved survival in the metastatic breast cancer utilizing the mastectomy 420 

model23. Thus, we tried to establish a mastectomy model after orthotopic cancer cell 421 

implantation. However, a long time was spent to establish this low local recurrence model. 422 

Because cancer cells are injected through surgical incision, cancer cells easily migrate into the 423 

wound. In addition, cancer cells invade tissues in direct contact with the tumor, such as the 424 

surrounding chest wall muscle and skin. The cancer cells also metastasize to axillary lymph nodes 425 

without forming a visible axillary mass at the time of the mastectomy. While removing the tumor 426 

may be an easier technique, doing so is not translatable to mastectomy in breast cancer 427 

treatment as it causes local recurrence13. Thus, this “radical mastectomy model” was established 428 

in order to remove all cancer cells from the anterior chest wall and axillary lymph node basin, as 429 

described in Figure 2. We confirmed lung metastasis by histology and lung ex vivo imaging, and 430 

there was no shining lesion present by whole-body imaging after lung removal. In this 4T1 431 

orthotopic model, cancer cells eventually metastasize to the lungs, in all cases within 21 days. 432 

However, the timing of metastasis depends on the primary tumor size; thus, less primary tumor 433 

size variability is important for monitoring not only the primary tumor but also the metastatic 434 

tumor burden. By using the gelatinous protein mixture, tumor size variability can be minimized. 435 

However, the gelatinous protein mixture can also affect the tumor microenvironment. Therefore, 436 

the potential confounding factors associated with gelatinous protein mixture use should be 437 

considered, depending on the hypothesis of the investigator. 438 

 439 



 

 

Utilizing these techniques and luciferase-expressing cancer cells allow for tumor burden 440 

quantification with less measurement error, even in non-palpable tumors. There are two 441 

reporter systems, bioluminescent and fluorescent, to visualize the signals in live animals. While 442 

it has been reported that the signal of both bioluminescence and fluorescence can be bright 443 

enough for quantification, when the target signal is very low, the background signal of 444 

fluorescence is higher, which reduces the accuracy of the assay. In contrast, bioluminescence is 445 

detected with greater accuracy at a lower signal with less background interference24. 446 

Accordingly, most investigators prefer to use bioluminescence reporter systems in live animal 447 

experiments24,25. However, tumor burden quantification by bioluminescence has its limitations. 448 

Luciferase-expressing cells shine when luciferin reaches the cancer cells by cardiovascular 449 

perfusion26. If the lesion has an area of hypoxia and/or hypoperfusion, luciferin is not delivered 450 

to the cells and the bioluminescence value could, then, be measured to be lower than the actual 451 

tumor burden. Indeed, we have experienced inappropriate bioluminescence quantification when 452 

the tumor size reached more than 1.5 cm. We assume that it is due to the described hypoxic 453 

and/or hypoperfused condition. Thus, when the tumor reaches a palpable size, the tumor burden 454 

is quantified by both bioluminescence and caliper measurement. An important limitation of 455 

bioluminescence quantification to consider is the black fur of mice. Even after the fur is removed, 456 

there is pigmentation on the skin27. While bioluminescence can be detected and quantified in 457 

mice with black fur, it is decreased and, therefore, it is important to compare mice of the same 458 

fur color to each other in order to reduce the confounding effects of fur color on bioluminescent 459 

quantification. The use of luciferase-expressing cells provides some unique modalities for study. 460 

For example, secretable luciferase can be used for tumor burden quantification by measuring 461 

blood or urine bioluminescence28. In the model presented here, direct tumor burden 462 

quantification of viable cancer cells in live animals with non-secretable luciferase is simple and 463 

straightforward, which does not require collecting blood or urine samples. 464 

 465 

Similar to the models which introduced here, the production of a more efficient animal 466 

experiment by producing a higher success rate of tumorigenesis with less variability is key to 467 

prove the findings. In the present model, once an investigator has learned the technique, it is 468 

easy to achieve a 100% tumorigenesis rate. We also achieved higher tumorigenesis rates other 469 

than the models we have introduced; plus, we have established a colon cancer orthotopic model 470 

utilizing cell suspension in a gelatinous protein mixture, together with bioluminescence 471 

technology to quantify the tumor burden21. In conclusion, the animal model presented here 472 

provides a suitable murine model to conduct cancer study.  473 
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Name of Reagent/ Equipment Company Catalog Number Comments/Description

Micro Dissection Scissors Roboz RS-5983 For cancer cell inoculation and masstectomy

Adson Forceps Roboz RS-5233 For cancer cell inoculation and masstectomy

Needle Holder Roboz RS-7830 For cancer cell inoculation and masstectomy

Mayo Roboz RS-6873 For ex vivo

5-0 silk sutures Look 774B For cancer cell inoculation and masstectomy

Dry sterilant (Germinator 500)

Braintree 

Scientific GER 5287-120V For cancer cell inoculation and masstectomy

Clipper Wahl 9908-717 For cancer cell inoculation and masstectomy

Matrigel Corning 354234 For cancer cell inoculation

D-Luciferin, potassium salt GOLD-Bio LUCK-1K For bioluminescence quantification
Roswell Park Memorial Insitute 

1640 Gibco 11875093 For cell culture

Fetal Bovine Serub Gibco 10437028 For cell culture

Trypsin-EDTA (0.25%) Gibco 25200056 For cell culture
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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-
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teaching classes, and to post a copy of the Article on the
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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,
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or otherwise transferred to any other party. The Author
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authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
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been a party hereto as an Author. The Author warrants that
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and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
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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.

10. 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, 
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full, unfettered access to the facilities of the Author or of the 
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without limitation, to all decisions regarding editing, lighting, 
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and/or its successors and assigns from and against any and all 
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out of any breach of any warranty or other representations 
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hold harmless JoVE from and against any and all claims, costs, 
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breach by the Author of any representation or warranty 
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of intellectual property rights, damage to the Author’s or the 
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human and animal treatment, privacy or other rules, 
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JoVE’s attorney’s fees and costs related to said losses or 
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include such losses or damages incurred by, or in connection 
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Author’s Point-by-point Response the Editorial Comments 

Manuscript #57849_R1 

 

Editorial comments: 

Comment A1: The manuscript will benefit from thorough language revision as there are a number of 

grammatical errors throughout. Please thoroughly review the manuscript and edit any errors.  Several 

sentences are poorly structured. 

 

Response A1: We appreciate the Editorial comment. The manuscript was reviewed and edited by a native 

English speaker who is proficient in scientific writing. 

 

Comment A2: How was this compared? Do you report this herein? Please do not make claims that’s are 

unsupported. This model does not mimic human breast cancer progression, but attempts to mimic it. 

 

Response A2: As per the Editorial comments, we revised the short abstract as below. 

“We introduced a murine orthotopic breast cancer model and radical mastectomy model with 

bioluminescence technology to quantify tumor burden in which we sought to mimic human breast 

cancer progression.” 

 

Comment A3: “Luciferase-expressing” may be a better fit. 

 

Response A3: As per the Editorial comments, we revised as “Luciferase-expressing”. 

 

Comment A4: Please expand your Introduction to include the following:  

Comment A4-1: The advantages over alternative techniques with applicable references to previous 

studies (avoid self citations);  

 

Response A4-1: As per the Editorial comment, we added the sentenced in the Introduction section as 

below. 
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“To mimic human breast cancer progression, we chose the #2 mammary fat pad as an inoculation 

site which is located in the chest. In most of the studies, breast cancer cells are inoculated 

subcutaneously. This technique does not require surgery and thus it is simple and straightforward. 

However, the subcutaneous microenvironment is quite different than the mammary grand 

microenvironment, which therefore results in a different pattern of cancer progression and even 

molecular profiles compared to mammary gland inoculated tumors. Some studies use the #4 

mammary gland, which is located in the abdomen, as an inoculation site. However, because the #4 

mammary glands are located on the abdomen, the most common metastatic pattern is peritoneal 

carcinomatosis, which is stark contrast to human breast cancer progress where peritoneal 

carcinomatosis occurs in less than 10% of metastatic breast cancer cases. Breast cancer generated 

by our technique in the #2 mammary gland metastasizes to the lung which is one of the most 

common human breast cancer metastatic sites.” 

“Cancer cell inoculation via the tail vein is the most common lung metastasis mouse model, the so 

called “experimental metastasis”. This model is easy to generate and does not require surgery; 

however, it does not mimic human breast cancer progression which may result in different 

metastatic disease behavior. In order to mimic the human breast cancer treatment course where 

metastasis often occurs after mastectomy, we removed the primary tumor after orthotopic cancer 

cell inoculation.” 

 

Comment A4-2: Description of the context of the technique in the wider body of literature;  

 

Response A4-2: As per the Editorial comment, we revised the sentenced in the Introduction section as 

below. 

“Breast cancer generated by our technique in the #2 mammary gland metastasizes to the lung 

which is one of the most common breast cancer metastatic sites. In this technique, we also sought to 

achieve a higher tumorigenesis rate with minimal tumor size variability. To do so, cancer cells 

suspended in a gelatinous protein mixture were inoculated under direct vision through a median 

anterior chest wall incision. This technique produced a high tumorigenesis rate with less variability 

in tumor size and shape compared to subcutaneous or non-surgical injection.” 

“We also introduced a mouse radical mastectomy technique in which the orthotopic breast tumor is 

resected with surrounding tissues and axillary lymph nodes. Cancer cell inoculation via tail vein is 

the most common lung metastasis mice model, the so called “experimental metastasis”. This model 

is easy to generate and does not require surgery; however, it does not mimic human breast cancer 

progression which may result in different metastatic disease behavior. Thus, we removed the 

primary tumor after orthotopic cancer cell inoculation which mimics human breast cancer 

treatment course.” 

 



Comment A4-3: Information that can help readers to determine if the method is appropriate for their 

application. 

 

Response A4-3: This model is applicable to most cases, thus we stated as below. 

“The techniques we described are applicable for most of breast cancer orthotopic model 

experiments. However, it is important to consider that the gelatinous protein mixture can affect the 

microenvironment and surgery can affect the stress/immune response.” 

 

Comment A5: References? 

 

Response A5: As per the Editorial comment, we added the citation.  

 

Comment A6: References? 

 

Response A6: As per the Editorial comment, we added the citation.  

 

Comment A7: References for the well established approaches? 

 

Response A7: As per the Editorial comment, we added the citation.  

 

Comment A8: References for the well established approaches? A description of the standard mastectomy 

approach in humans will help here. 

 

Response A8: As per the Editorial comment, we added the sentences in the Introduction section as below. 

“In the clinical setting, the standard of care for breast cancer patients without distant metastasis 

disease is mastectomy. Before mastectomy, axillary lymph node metastasis is surveyed by imaging 

and sentinel lymph mode biopsy. If there is no evidence of axillary lymph node metastasis, the 

patient is then treated by total or partial mastectomy, in which the axillary lymph node resection is 

omitted. Total mastectomy is a technique to resect breast cancer with the whole breast tissue en 

bloc, whereas partial mastectomy is to resect breast cancer with  a margin of surrounding normal 



breast tissue only, thus conserving the remaining normal breast tissue in the patient. However, 

patients who preserve their remaining normal breast tissue after partial mastectomy require 

postoperative radiotherapy to avoid local recurrence. Patients who have axillary lymph node 

metastasis undertake radical mastectomy which removes the breast cancer with all normal breast 

tissue and axillary lymph nodes and invaded tissues en bloc. In the mouse model, surveillance for 

axillary lymph node metastasis and/or post-operative radiation is not reasonable or feasible. Thus, 

we utilized the radical mastectomy technique to avoid local recurrence.” 

 

Comment A9: Higher success rate as compared to what? 

 

Response A9: As per the Editorial comment, we added the sentences in the Introduction section as below. 

“The aims of these methods are 1) to mimic human breast cancer progression and treatment course, 

2) to conduct in vivo experiments with greater efficiency and higher success rates compared to 

other breast cancer inoculation or mastectomy techniques.” 

 

Comment A10: Improve compare to what? If previous work, then references must be cited. 

Comment A11: Higher than? 

 

Response A10, A11: As per the Editorial comment, we revised the sentences in the Introduction section 

as below. 

“In this technique, we also sought to achieve a higher tumorigenesis rate with minimal tumor size 

variability compared to other breast cancer inoculation techniques.” 

 

Comment A12: Was this quantified later on? Unclear how you can claim this without a thorough 

analysis. 

 

Response A12: We apologize for unclear statement. It was demonstrated by our previous work. We 

added the sentences in the Introduction section as below. 

“This technique produced a high tumorigenesis rate with less variability in tumor size and shape 

compared to subcutaneous or non-surgical injection, as we have previously reported.” 

 

Comment A13: Axillary? 



 

Response A13: We apologize for the error in the spelling. It was revised as “axillary”. 

 

Comment A14: Was this quantified later on? Unclear how you can claim this without a thorough 

analysis 

 

Response A14: We apologize for the unclear statement. It was demonstrated by our previous work. We 

revised the sentence in the Introduction section as below. 

“This technique produced less local recurrence compared to simple tumor resection, as we have 

previously reported,” 

 

Comment A15: Needs references. 

 

Response A15: As per the Editorial comment, we added the reference. 

 

Comment A16: Please add a step to briefly describe how the cells are cultured and maintained. Please 

include medium used, incubation environmental conditions etc. 

 

Response A16: As per the Editorial comment, we added 2.1) as below. 

“2.1) Culture 4T1-luc2 cells, a mouse mammary adenocarcinoma cell line expressing luciferase, in 

Roswell Park Memorial Institute 1640 media with 10% fetal bovine serum in a humidified 

incubator at 37°C in 5% CO2.” 

 

Comment A17: Do they adhere to the dish? 

 

Response A17: As per the Editorial comment, we revised the sentence of 2.2) as below. 

“2.2) Wash adherent 4T1-luc2 cells in a 10 cm dish with phosphate-buffered saline (PBS)” 

 

Comment A18: Please change “degrees” to “ °C” throughout. 



 

Response A18: As per the Editorial comment, we revised “degree” to “°C” throughout. 

 

Comment A19: What is the composition? Please add it to the table of materials. 

 

Response A19: As per the Editorial comment, we revised 2.2) as below and added materials in the table 

of materials. 

“Then, add 4ml growth media (RPMI-1640 with 10% FBS)” 

 

Comment A20: Transfer the cell suspension? unclear 

 

Response A20: As per the Editorial comment, we revised 2.2) as below. 

“transfer the cell suspension into a 15 mL conical tube” 

 

Comment A21: Please convert to g. 

 

Response A21: As per the Editorial comment, we revised “1500 rpm” to “180 x g”. 

 

Comment A22: Please revise for grammar. 

 

Response A22: As per the Editorial comment, we revised the sentence as below. 

“we use 1x104/20 μL of final concentration, to avoid reaching euthanasia criteria (tumor size > 2cm) 

within 2 weeks.” 

 

Comment A23: Mention oxygen flow rate. 

 

Response A23: As per the Editorial comment, we added about oxygen flow as below. 



“3.1) Put the mice in the anesthesia induction chamber with 2.5% isoflurane and 0.2 L/min oxygen 

flow until the mice breathe calmly (2-3 min).” 

 

Comment A24: Please mention how you ensure depth of anesthesia (e.g. toe pinch). 

 

Response A24: As per the Editorial comment, we added about oxygen flow as below. 

“3.3) Confirm adequate anesthesia by the lack of reaction to toe pinch.” 

 

Comment A25: Limbs? 

 

Response A25: As per the Editorial comment, we revised “legs and arms” to “limbs”. 

 

Comment A26: Are analgesics provided? Mention dosage. 

 

Response A26: Analgesics was not required, but we anesthetized the mice by isoflurane. We revised the 

sentence as below. 

“3.9) Remove the sutures under anesthesia same as 3.1) 7 days after surgery.” 

 

Comment A27: In how many animals did you observe this?  I’m also not sure about what purpose this 

statement serves here. Is this typical for this model?  Is this reported by others for this particular cell 

line? Please provide references. This seems incredibly early for the number of cells injected.  How did 

you confirm the presence of lung metastasis without lung resection and imaging? How do you know that 

the injected cells were not localized in the lungs rather than a true metastasis? 

 

Response A27: The purpose of this statement is to illustrate that timing of lung metastasis is varied by 

cell line or injected cell number. We confirmed that 100% of mice in over 50 mice experiments developed 

lung metastasis at 8 days after inoculation. Thus, we described it here to show the timing of lung 

metastasis in this particular setting. To clarify these points, we revised the sentence as below. 

“Note: Timing of mastectomy is very important. If it is too early, lung metastasis does not occur. If 

it is too late, the primary tumor has invaded major blood vessels which make complete oncologic 

resection challenging. Thus, we tested multiple time points for mastectomy to determine which time 



point produced the appropriate balance in waiting for metastasis before resection became too 

challenging.  After doing so in over 50 mouse experiments it was demonstrated that mastectomy at 

8 days after cancer cell inoculation (or when tumor size reaches 5 mm) was the ideal time point to 

achieve that balance13.” 

 

Comment A28: Unclear, needs grammar revision 

 

Response A28: As per the Editorial comment, we revised the sentence as below. 

“Make a 5 mm skin incision in 2 mm left from the surgical scar which was made at the initial 

cancer cell inoculation, using the micro dissection scissors.” 

 

Comment A29: Forelimb? 

 

Response A29: As per the Editorial comment, we revised “arm” to “forelimb”. 

 

Comment A30: How many? How do you identify them? Can you provide a photograph to aid 

identification? 

 

Response A30: We apologize for the unclear statement. Most of the time, the axillary lymph nodes are 

not visible at the time of mastectomy; however, en bloc resection with axillary lymph nodes is important 

to avoid visible recurrence by bioluminescence in order to monitor lung metastasis. To clarify these points, 

we revised the sentence as below and added the citation of our previous publication which contains the 

picture of the mastectomy. 

“Extend the incision toward the root of the forelimb to remove the tumor, the skin including the 

surgical scar and the lesion in contact with the tumor as well as the axillary lymph node basin in 

which most of the time no visible lymph node exist at the time of mastectomy13.” 

 

Comment A31: Are analgesics provided? Mention dosage. 

 

Response A31: Analgesics was not required, but we did anesthetize the mice by isoflurane. We revised 

the sentence as below. 



“4.6) Remove the sutures under anesthesia same as 3.1) 7 days after surgery.” 

 

Comment A32: Shouldn’t this section be placed before section 4? Or do you image the animal after 

mastectomy? 

Comment A33At what time points after inoculation? 

 

Response A32, 33: We apologize for the confusing title and lack of adequate explanation. 

Bioluminescence can be used for both primary tumor (without mastectomy) and lung metastasis 

(mastectomy model) quantification regularly. To clarify these points, we revised the title and added the 

note as below. 

“5. Bioluminescent quantification of the primary tumor (orthotopic inoculation without 

mastectomy) or lung metastasis (mastectomy model)” 

“Note: For primary tumor burden quantification, the bioluminescence is measured twice a week 

from the day after orthotopic inoculation. For lung metastasis quantification, the bioluminescence 

is measured twice a week from the day after mastectomy.” 

 

Comment A34: Degree Celsius? 

 

Response A34: As per the Editorial comment, we revised “degrees” to “°C”. 

 

Comment A35: In prone position? 

 

Response A35: The mouse is placed in the supine position. We revised the sentence as below. 

“5.6) Fit each mouse with a nose cone inside the imaging system in the supine position” 

 

Comment A36: This seems pretty long? Wouldn’t Luciferin clear out by this 

 

Response A36: Peak times varied by individuals and by the day of image acquisition; however, 

sometimes it takes around 50 minutes to reach peak bioluminescence. We have no experience of problems 



due to luciferin clear out. In our technique, cells were suspended in 90% Matrigel. We think due to a high 

concentration of Matrigel, it takes a long time for luciferin delivery to cancer cells.    

 

Comment A37: What is the acquisition duration per image? 

 

Response A37: It depends on exposure time. As we described in 5.7.1), we usually use “auto” exposure 

time which the software automatically chooses as the suitable exposure time. It is decided by the signal 

intensity of the original cell and the size of tumor burden, in another words, total luciferase-luciferin 

shining amount. 

 

Comment A38: By ex vivo what? Sound incomplete. 

 

Response A38: As per the Editorial comment, we revised the title as below. 

“6. Lung metastasis tumor burden quantification by ex vivo imaging” 

 

Comment A39: Why was this time point chosen? Also, is this done on the animals that have undergone 

mastectomy? 

 

Response A39: As per the Editorial comment, we added “Note” as below. 

“Note: lung metastasis quantification is applicable for both orthotopic inoculation with and without 

mastectomy models. In the mastectomy model, ex vivo imaging or survival observation is chosen 

depending on the purpose. In the orthotopic inoculation (without mastectomy) model, most cases 

produce primary tumor size euthanasia criteria (2.0 cm) approximately 21 days after inoculation.” 

 

Comment A40: By ex vivo what? This is incomplete. Do you mean “Ex vivo imaging”? 

 

Response A40: We apologize for the error. As per the Editorial comment, we revised as “ex vivo 

imaging”.   

 

Comment A41: Luciferase image? Mention acquisition settings? 



 

Response A41: As per the Editorial comment, we revised the sentence as below. 

“6.12) Capture the bioluminescence image (same as 5.7.1) and 5.7.2)) 5 min after euthanasia (20 

min after luciferin injection).” 

 

Comment A42: This progression is not always follows. Lung metastasis can happen by the lymphatic 

and/or blood route, and there is likely no sequence as such where the lung metastasis follows the nodal 

metastasis. Please cite a reference to back this up. 

 

Response A42: As per the Editorial comment, we added the citation. 

 

Comment A43: Provide the equation used for this or a reference for tumor volume measurements using 

calipers. 

 

Response A43: As per the Editorial comment, we added the sentence as below. 

“The tumor volume was estimated using the following equation: volume = (length) x (width)2/2.” 

 

Comment A44: This is vague, unclear what is meant by this. Do you mean that they show similar trends? 

 

Response A44: We apologize for unclear statement. We revised the sentence as below. 

“Quantification of the tumor burden by bioluminescence and caliper measurement showed similar 

trends in the representative results”. 

 

Comment A45: Imaging? 

 

Response A45: We apologize for the error of the grammar. We revised as “ex vivo imaging”. 

 

Comment A46: Please provide references for standard mastectomy. 



 

Response A46: As per the Editorial comment, we added citation for standard mastectomy. 

 

 Comment A47: How can you be confident that all the luminescence signal you measure is coming from 

mets? Could it not be residual tumor that was not resected? 

 

Response A47: As we described in the Representative results section as below, if local recurrence occurs, 

it can be easily distinguished from the lung metastasis.   

“if the post-operative day one bioluminescence exceeds 1.00E + 06 photons (10 times larger than 

other individuals), there is a high possibility of local residual tumor13. If there are remnant cancer 

cells present, a palpable tumor appears within 2 weeks.” 

 

Comment A48/A49: Examples? 

 

Response A48/A49: We apologize for the unclear description for that. We revised the sentence as below. 

“This model is particularly useful in the preclinical study of the development of novel therapeutics13. 

As we have previously published, a Src inhibitor, AZD0530, which showed efficacy in preclinical 

mice model using but failed in clinical trial for breast cancer treatment, showed efficacy in the 

primary lesion utilizing orthotopic inoculation without mastectomy but not in lung metastasis 

utilizing our mastectomy model. Although anti-cancer drugs, e.g. anthracyclines, are sometimes 

used in humans as neoadjuvant therapy to treat primary breast tumors, the vast majority of drugs 

are used as adjuvant therapy where drugs are given after surgery to reduce the risk of recurrence 

by treating clinically undetectable cancer or as palliative treatment for metastatic cancer1,7,18.” 

 

Comment A50: Reference?. 

 

Response A50: As per the Editorial comment, we added the citation. 

 

Comment A51: Which drug? What is the dosage. This appear out of the blue and distracts the reader. 

 

Response A51: We apologize for the confusing description. We revised the sentence as below. 



“To test any of drug efficacies for metastatic lesions, it should be administrated after mastectomy.” 

 

Comment A52: Ex vivo? 

Comment A53: How was this done? In vivo or ex vivo? If in vivo, do you study the minimum met size for 

detection, and if ex vivo, do you extract all organs and perform imaging? 

 

Response A52/53: We apologize for the unclear description. We revised the sentences as below. 

“This model allows for lung metastatic lesion quantification as well as whole body metastatic lesion 

quantification as long as metastatic tumor burden has a detectable bioluminescence utilizing in vivo 

imaging.” 

 

Comment A54: Please report the percentage recurrence 

 

Response A54: As per the Editorial comment, we added the sentence as below. 

“In our hands, local recurrence rate was less than 5% in over 50 mice experiments.” 

 

Comment A55: References? 

 

Response A55: As per the Editorial comment, we added citation. 

 

Comment A56: What was the percentage of such cases in your study? 

Comment A57: Is this for all the animals? Did you exclude animals with local recurrence? 

Comment A58: What about the local recurrence? 

Comment A60: What about the local recurrence? 

 

Response A56/A57/A58/A60: The percentage of the local recurrence cases is less than 5% and these 

animals were excluded from any of further analysis. To clarify this point, we revised the sentence as 

below. 



“thus those animals with local resurrence (<5% in our experience) should be excluded from any of 

further analysis.” 

 

Comment A59: Please report the criteria 

 

Response A59: As per the Editorial comment, we revised the sentence as below. 

“Since there is no primary lesion, mice cannot meet euthanasia tumor criteria which are generally 

defined as tumor size > 2.0 cm or ulceration of the primary tumor.” 

 

Comment A61/A62: Please report the sample sizes, how many animals in total? 

 

Response A61/A62: As per the Editorial comment, we added mice number. 

 

Comment A63: Is the number of days report, days after inoculation or days after mastectomy? 

 

Response A63: As per the Editorial comment, we revised x axis title as “Time after inoculation (Days)”. 

 

Comment A64: Is the number of days report, days after inoculation or days after mastectomy? This 

image strongly suggests that there was local recurrence and that the signal you see is not only metastasis. 

How do you claim that the signal in B is from mainly metastatic lesions? I do not believe this was 

decoupled here. 

 

Response A64: As per the Editorial comment, we revised the x axis title as “Time after inoculation 

(Days)”. And as we described, once local recurrence occurred, it grows very fast and signal intensity is 

much higher and reaches palpable size within 2 weeks. We confirmed that the signal was from the lung 

by lung ex vivo imaging and whole body imaging after lung removal. To clarify this point, we added the 

sentence as below. 

“It was confirmed that signals were from lung metastasis utilizing ex vivo imaging, and no local 

recurrence was confirmed by whole body imaging after lung removal.” 

 



Comment A65: You mean no neoadjuvant or adjuvant treatment correct? Mastectomy is a form of 

treatment. 

 

Response A65: As per the Editorial comment, we revised the sentence as below. 

“Kaplan-Meier survival curve of mastectomy model without any of drug treatment.” 

 

Comment A66: References? 

Comment A67: This needs references. 

Comment A68: Needs references. 

Comment A69: References? 

Comment A70: References? 

Comment A71: References? 

 

Response A66/A67/A68/A69/A70/A71: As per the Editorial comment, we added references. 

 

Comment A72: How do you know that the lung mets are metastasis and not cancer spread from contact 

(as you mention here)? 

 

Response A72: We confirmed lung metastasis by histology and lung ex vivo imaging, and also 

confirmed no shining lesion present by whole body imaging after lung removal. To clarify it, we added 

the sentence as below. 

“We confirmed lung metastasis by histology and lung ex vivo imaging, and we also confirmed no 

shining lesion present by whole body imaging after lung removal.” 

 

Comment A73: In how many days? 

 

Response A73: As per the Editorial comment, we revised the sentence as below. 

“In our 4T1 orthotopic model, cancer cells eventually metastasize to the lungs in all cases within 21 

days.” 



 

Comment A74: Please reference other works where this is shown. My understanding is this is very 

common, but it is important to cite references to published literature. 

Comment A75: References? 

 

Response A74/A75: As per the Editorial comment, we added references. 

 

Comment A76: Even if they are shaved? 

 

Response A76: Yes, even after they are shaved, there is a pigmentation issue. To clarify this point, we 

added the sentence as below. 

“Even after the fur is removed, there is pigmentation on the skin27.” 

 

Comment A77: What is your success rate so far? Please report this. 

 

Response A77: Once an investigator is getting used to this technique, it is easy to achieve 100% success 

rate. To clarify this point, we added the sentence as below. 

“In our model which we introduced here, once an investigator has learned this technique, it is easy 

to achieve a 100% tumorigenesis rate.” 

 

Comment A78: How do you quantify and estimate this? 

 

Response A78: It is largely dependent on the model. In our case, we compared tumorigenesis rate tumor 

size variability in multiple settings (subcutaneous inoculation, orthotopic inoculation without surgical 

incision and our model) in previously published work, as described in the Discussion section. 

 

Comment A79: How is this relevant here? Seems like you are just trying to cite more of your work in this 

paper 

 



Response A79: As per the Editorial comment, we removed the sentence. 

 

Comment A80: All of the references are self citations. Please include references to work from other 

groups and minimize the self citations. 

Response A80: Since we added more citations, now less than half the bibliography is composed of 

publications from our group. 

 

 

 


