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SUMMARY: 27 
The goal of this article is to provide a primer for the development and use of the VX2 carcinoma 28 
rabbit model for liver cancer. 29 
 30 
ABSTRACT: 31 
The rabbit VX2 tumor is an animal model commonly utilized for translational research regarding 32 
hepatocellular carcinoma (HCC) in the field of Interventional Radiology. This model employs an 33 
anaplastic squamous cell carcinoma that is easily and reliably propagated in the skeletal muscle 34 
of donor rabbits for eventual harvest and allograft implantation into the liver of naïve recipients. 35 
This tumor graft rapidly grows within the liver of recipient rabbits into an angiographically 36 
identifiable tumor characterized by a necrotic core surrounded by a viable hypervascular capsule. 37 
The physical size of the rabbit anatomy is sufficient to facilitate vascular instrumentation allowing 38 
for the application and testing of various interventional techniques. Despite these benefits, there 39 
exists a paucity of technical resources to act as a concrete reference for researchers working with 40 
the model. Herein, we present a comprehensive visual outline for the technical aspects of 41 
development, growth, propagation, and angiographic utilization of the rabbit VX2 tumor model 42 
for use by novice and experienced researchers alike. 43 
 44 
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INTRODUCTION:  45 
The rabbit VX2 tumor model has played a role in experimental oncology since its development in 46 
19351,2. This tumor is a virus-induced anaplastic squamous cell carcinoma characterized by 47 
hypervascularity, rapid growth, and easy propagation in skeletal muscle3,4. While the rabbit VX2 48 
tumor model has been used to investigate a multitude of cancers5–8; the focus of this paper is 49 
liver cancer9.  50 
 51 
The purpose of the method described is to present a model for primary liver cancer, or 52 
hepatocellular carcinoma (HCC), that can be used by Interventional Radiologists for translational 53 
research. It can be used for pharmacokinetic studies, therapeutic investigations, and ablative 54 
method testing10–15.  55 
 56 
The method detailed herein yields multiple advantages over other models within the same 57 
sphere such as rodent models like rats, mice, and woodchucks, or larger models like primates16. 58 
One of the primary benefits is the rapid and reliable tumor growth which allows researchers to 59 
establish an active tumor line within a month of first hind limb propagation17. Additionally, this 60 
tumor has straightforward sonographic visibility and a hypervascular periphery which allows for 61 
both transarterial locoregional treatments and ablative therapies. Finally, and most importantly, 62 
the size of the rabbit vasculature permits feasible and technically easy utilization of vascular 63 
instrumentation18. 64 
 65 
PROTOCOL: 66 
The following protocol follows all requirements and guidelines mandated by the University of 67 
Illinois - Chicago. It was reviewed and approved by the local Institutional Animal Care and Use 68 
Committee prior to execution. 69 
 70 
1. VX2 Hind Limb Tumor Development 71 
 72 
1.1. Procure the VX2 tumor cell line from the National Cancer Institute Division of Cancer 73 
Treatment Diagnosis and Treatment Tumor/Cell Line Repository.  74 
 75 
Note: At this time, the order catalog can be found at the following link: 76 
https://dtp.cancer.gov/repositories/. 77 
 78 
1.2. To prepare the cell suspension for injection, place the frozen VX2 sample and methylcellulose 79 
medium in lukewarm water until they have thawed. 80 
 81 
1.2.1. Aspirate 0.5‒1 mL of the thawed cell suspension and an equal volume of thawed 82 
methylcellulose medium into a 5-mL syringe.  83 
 84 
Note: It may help to use a 21 or 22 G needle to aspirate the cell suspension and a larger gauge 85 
needle to aspirate the methylcellulose medium. Place the syringes on ice. 86 
 87 
1.3 Prepare the hind limb tumor donor rabbit for inoculation of cell suspension, starting with 88 



   

sedation using 1 mg/kg acepromazine and 0.02 mg/kg buprenorphine given intramuscularly. 89 
Shave the inoculation site (hind limb) with clippers and clean the shaved are with an alcohol- or 90 
iodine-based agent. 91 
 92 
Note: Meloxicam can be given at a dose of 0.2 mg/kg subcutaneously for analgesia. Rabbit fur is 93 
difficult to shave. It is recommended that the researcher perform multiple passes, first focusing 94 
on clearing a bulk of the fur and then pressing the clippers against the skin and going against the 95 
grain.  96 
 97 
1.4 Attach a 16 G needle to the 5-mL syringe containing the cell suspension and inject 1 mL of the 98 
suspension into the belly of the hind limb muscle of the donor rabbit, roughly 1 cm deep. Be sure 99 
to guard the sciatic nerve running within a palpable groove along the femur.  100 
 101 
Note: Fresh VX2 successfully inoculates 88% of subjects while frozen and thawed VX2 is only 102 
successful 33% of the time19.  103 
 104 
CAUTION: The VX2 tumor will grow quickly. Side effects that may be noted as the tumor 105 
progresses are: increased respiratory rate, lethargy, decreased alertness, and/or behavioral 106 
changes (e.g., unusual aggressiveness). Consequently, recommendations are to monitor the 107 
animals closely and to plan for tumor harvest within two weeks after inoculation.  108 
 109 
2. VX2 Hind Limb Tumor Growth and Harvesting 110 
 111 
Note: Assuming successful inoculation, there should be a palpable (3‒4 cm) tumor nodule at the 112 
injection site within 2 weeks. Usually, this nodule will be palpable around 1 week; however, it is 113 
better to let the tumor grow to allow for sufficient tissue collection. Typically, this nodule will be 114 
firm, indurated, and elevated above the level of the muscle. If 115 
 116 
2.1. Palpate the inoculated area at 2 weeks from inoculation. If no tumor growth is detected at 2 117 
weeks, perform step 1 again. See Figure 1. 118 
 119 
Note: The presence of tumor can also be assessed via ultrasound. While there have been no 120 
studies to assess the difference in tumor growth metrics when propagated from frozen stock as 121 
compared to fresh stock, it has been our experience that the frozen stock tumor grows slightly 122 
slower and will be detectable after its fresh stock counter-part. Regardless, either method should 123 
yield a harvestable tumor by 2 weeks.  124 
 125 
2.2. Prepare the hind limb tumor donor for tumor harvest. Anesthetize the rabbit with 45 mg/kg 126 
ketamine and 5 mg/kg xylazine. Euthanize with an intravenous (IV) dose of sodium pentobarbital 127 
exceeding 390 mg/kg.  128 
 129 
2.3. Once the rabbit has been euthanized, begin harvesting the tumor by removing the cutaneous 130 
and subcutaneous tissue overlying the tumor nodule using a scalpel with whichever size blade 131 
the researcher sees fit. See Figure 2. 132 



   

 133 
2.4. Once the tumor nodule has been identified within the hind limb muscle, remove the tumor 134 
en bloc using wide curvilinear margins. For this, cut the tendinous attachment points at the 135 
proximal and distal ends of the of the muscle and then trace the scalpel blade along the 136 
underlying bone. Bisect the explanted specimen exposing the tumor capsule and necrotic core. 137 
See Figure 3. 138 
 139 
Note: The VX2 tumor has a highly necrotic core. Be sure to use proper eye protection and other 140 
personal protective equipment when harvesting the tumor, since any damage to the tumor 141 
capsule can result in high pressure ejection of necrotic debris. 142 
 143 
2.5. Gently scrape the necrotic core with a blunt object (e.g. forceps, hemostats) to clean the 144 
tumor. This should allow for better visualization of the tumor capsule and the transition point 145 
between capsule and surrounding muscle. See Figure 4. 146 
 147 
2.6. From this sample, harvest several pieces of tumor approximately 1‒2 mm3 and immediately 148 
store them in a cup containing room temperature sterile saline.  149 
 150 
Note: These tumor samples will be used for subsequent intrahepatic implantation. 151 
 152 
2.7. Place the remaining tumor in a sterile Petri dish and bathe it with Dulbecco's Modified Eagle's 153 
Medium (DMEM). If this specimen is kept cold on ice, it can be preserved for handling up to 2‒3 154 
h later.  155 
 156 
3. Liver Tumor Implantation via Laparotomy 157 
 158 
3.1. Prepare the recipient rabbit for laparotomy. Anesthetize the recipient rabbit using 45 mg/kg 159 
ketamine and 5 mg/kg xylazine for induction followed by intubation and maintenance with 1%--160 
3% isoflurane as needed. When the rabbit is anesthetized, shave the surgical site using hair 161 
clippers. Prepare and drape the abdomen in a sterile surgical fashion. 162 
 163 
3.2. Using a #15-blade, initiate the laparotomy by making a small downward vertical midline 164 
incision through the rabbit’s skin starting from the xiphoid process. This should be easily palpated 165 
and tends to be roughly the size of an American penny. See Figure 5. 166 
 167 
3.3. Reflect the skin and identify the linea alba. This should be a reflective white band of tissue 168 
traveling inferiorly in the midline. Use blunt dissection to traverse the linea alba and expose the 169 
peritoneum. See Figure 6. 170 
 171 
Note: The peritoneum is easily identified since it will be directly overlying the bowel, which can 172 
be seen moving with respiration. 173 
 174 
CAUTION: The peritoneum tends to be adherent to the underlying bowel due to surface tension. 175 
Using blunt trauma to dissect the linea alba helps to dissipate the risk of perforating the 176 



   

underlying bowel.  177 
 178 
3.4. Once the peritoneum is exposed, carefully dissect through it to enter the peritoneal cavity. 179 
The liver can now be identified. To better navigate the abdominal space, extend the midline 180 
incision 1‒2 cm inferiorly through the skin, muscle, and peritoneum. 181 
 182 
Note: Extending the midline incision can be easily and safely done by carefully inserting a curved 183 
hemostat into the peritoneal space with the curved tip facing superficially towards the 184 
peritoneum. Then open the hemostat slightly and use a blade to cute the tissue between the two 185 
arms of the hemostat. 186 
 187 
3.5. Identify the left lobe of the liver in order to select a site for tumor implantation. The left lobe 188 
is infero-lateral to the medial lobe which sits in the midline. 189 
 190 
3.6. Before attempting to draw the liver out of the peritoneal space, place a dry piece of gauze 191 
at the inferior aspect of the incision.  192 
 193 
Note: The gauze will provide an adherent surface to lay the liver on to prevent it from retracting 194 
back into the abdomen.  195 
 196 
3.7. Using either atraumatic forceps or a piece of wet gauze over the fingers, carefully draw the 197 
left lobe of the liver out of the abdomen through the incision and lay it down on the dry gauze 198 
placed earlier. See Figure 7. 199 
 200 
CAUTION: The liver capsule is sensitive and can easily rupture. It is critical to be gentle when 201 
handling this organ to prevent capsular bleed, liver bruising, and/or eventual hemoperitoneum. 202 
 203 
Note: Usually, the liver will declare itself visually upon entering the peritoneal space; however, if 204 
the rabbit’s stomach is distended, the liver can be pushed cranially out of sight. If this is the case, 205 
gently lift the abdominal wall using a blunt probe. In this scenario, the liver tends to adhere to 206 
the ventral aspect of the diaphragm due to surface tension so carefully separate the liver using a 207 
blunt probe and it should detach. Then use atraumatic forceps to draw the liver out. 208 
 209 
3.8. At this point, prepare the tumor tissue for implantation and place a piece of wet gauze over 210 
the liver to protect it. 211 
 212 
3.9. Select a 1‒2 mm3 piece of tumor tissue that was generated during step 2.6 for implantation 213 
into the liver. See Figure 8. 214 
 215 
3.10. Using a #11-blade, puncture the liver tissue at a 45° angle making a 0.5 cm deep pocket, 216 
taking care not to penetrate the dorsal aspect of the liver capsule. Leave the blade in place after 217 
making the puncture. See Figure 9. 218 
 219 
3.11. Gently lift the blade in a ventral direction to create a small pocket in the liver bed. Take the 220 



   

tumor piece using forceps, place the tumor piece in this pocket and then remove the blade. 221 
 222 
Note: The blade can be removed prior to inserting the tumor piece, however, the liver will bleed 223 
and this can obscure the puncture site making it difficult to identify. 224 
 225 
CAUTION: Be sure to minimize contact of the tumor with any other structures to prevent 226 
unintentional tumor seeding. This can also be avoided by setting aside any tools used to assist 227 
with implantation afterwards.  228 
 229 
3.12. At this point, place a piece of hemostatic agent, such as gel foam, over the tumor pocket to 230 
promote hemostasis and to prevent ejection of the tumor piece. 231 
 232 
3.13. Return the liver to the abdomen, once hemostasis is confirmed. 233 
 234 
3.14. Close the abdominal wall with 3-0 polydioxanone suture on a taper needle using a simple 235 
continuous stitch and close the skin with 4-0 polyglactin 910 sutures on a cutting needle using 236 
continuous subcuticular stitch.  237 
 238 
CAUTION: When closing the abdominal wall, take care not to damage the omentum or other 239 
bowel structures in a suture throw.  240 
 241 
Note: While this tumor will take at least 2 weeks to be definitively radiographically identifiable, 242 
it reaches a size of 1.5‒2 cm diameter at 3 weeks of growth. Be careful not to allow the hepatic 243 
tumor to grow past 3.5‒4 weeks since the tumor will form an exophytic mass and aggressively 244 
spread locally. 245 
 246 
4. VX2 Tumor Suspension Preparation 247 
 248 
4.1. Place a 40 µm strainer into the mouth of a 50-mL conical propylene tube. Using the tumor 249 
from step 2.7, use a #15-blade to scrape the tumor surface to collect viable tumor and place these 250 
scrapings into the strainer.  251 
 252 
4.2. Wash the viable tumor scrapings through a strainer using DMEM and then centrifuge the 253 
propylene tube at 1600 rpm for 8 min. 254 
 255 
4.3. After the centrifuge is complete, remove the supernatant and discard it. Then add 256 
methylcellulose to the remaining cell block at a 1:1 volumetric ratio. 257 
 258 
4.4 Inject this suspension into a hind limb donor rabbit following steps 1.3‒1.4. Place the 259 
remaining suspension into 1 mL aliquots in cryogenic tubes and freeze them in liquid nitrogen for 260 
later use. 261 
 262 
5. Angiographic Utilization of the VX2 Liver Tumor 263 
 264 



   

5.1. Prepare the rabbit as described in step 3.1.  265 
 266 
5.2. Palpate the femoral groove in the groin. When the groove has been identified, make a 2‒3 267 
cm linear incision along the groove. See Figure 10. 268 
 269 
5.3. Using blunt dissection, locate and isolate the femoral bundle containing the femoral vein, 270 
artery, and nerve. See Figure 11. 271 
 272 
5.4. Again, use blunt dissection to separate the femoral artery from the rest of the structures in 273 
the bundle and isolate the artery atop a scalpel handle. See Figure 12. 274 
 275 
5.5. With a 3-French introducer kit, utilize the Seldinger technique to gain access with a needle. 276 
Insert a guidewire and remove the needle to advance the 3-French sheath into the vessel. See 277 
Figure 13. 278 
 279 
CAUTION: Avoid using excessive force in advancing the 3-French sheath, as this can result in 280 
transection of the femoral artery. 281 
 282 
5.6. Under fluoroscopic guidance and using a catheter, guidewire, and iohexol contrast agent, 283 
select for the celiac trunk — typically located at the T12 level — and then advance the catheter 284 
into the left hepatic artery via the common hepatic and proper hepatic. 285 
 286 
5.7. At this point, administer the agent of choice through the catheter. Once the agent is 287 
administered, remove the catheter. 288 
 289 
5.8. Using 3-0 silk suture, ligate the femoral artery proximally and distally to the insertion point 290 
of the sheath. Be sure to tighten the knot proximal to the sheath as it is withdrawn to prevent 291 
bleeding.  292 
 293 
5.9. Close the groin incision with 4-0 polyglactin 910 sutures on a cutting needle using a 294 
subcuticular stitch.  295 
 296 
5.10. Maintain standard post-operative care and monitor animal recovery. Perform euthanasia 297 
and necropsy as needed using standard techniques. 298 
 299 
REPRESENTATIVE RESULTS:  300 
When looking at Figure 1, it is clear that the quadricep of the rabbit is enlarged. Additionally, 301 
multiple small discrete nodules, typically correlating with tumor growth through the fascia, are 302 
visible. Upon palpation, the injected limb should appear than the non-injected limb. If a 303 
researcher requires more definitive assurance of tumor presence, ultrasound imaging can be 304 
used to identify the tumor embedded in the muscle. If a tumor is not detected, the hind limb 305 
should be re-injected with a tumor cell suspension. 306 
 307 
In order to confirm successful vascular access, blood return into the sheath is observed on 308 



   

aspiration as seen in Figure 13D. If vascular access was unsuccessful, attempted aspiration will 309 
yield air in the sheath or present with significant resistance when pulling the plunger of the 310 
syringe. 311 
 312 
For liver tumor growth, there are two ways to confirm successful propagation: angiographically 313 
and on necropsy. On angiography, identification of the tumor may occur immediately as is the 314 
case in Figure 14A where the tumor draws blood supply directly from the common hepatic artery. 315 
It may also take some time in cases where the tumor is lateral as is the case in Figure 14D. If the 316 
tumor is not readily visible after injection of contrast into the common hepatic artery, the 317 
researcher should attempt to inject contrast into left and right hepatic arteries in order to 318 
improve the chances of highlighting the tumor. It may also help to look for aberrant arteries 319 
traveling laterally towards the distal edge of the liver as seen in Figure 14C. On necropsy, the 320 
tumor should be readily visible as seen in Figure 15B (compare to Figure 15A). 321 
 322 
FIGURE AND TABLE LEGENDS: 323 
 324 
Figure 1: Rabbit hind limb. Shaved rabbit hind limb with mass indicative of tumor growth. 325 
 326 
Figure 2: Exposed hind limb. The same limb as shown Figure 1 with overlying skin reflected 327 
revealing a large area of hypervascularity and discoloration distinct from the surrounding muscle 328 
representing the location of the tumor (white dotted line). 329 
 330 
Figure 3: Tumor removed en bloc and bisected. (A) Tumor and surrounding muscle removed en 331 
bloc. (B) Tumor has been bisected to reveal its capsular wall and necrotic core. Tumor process 332 
can be seen in both halves as well as some necrotic debris. 333 
 334 
Figure 4: Tumor capsule. A piece of tumor (T), adjacent muscle (M), and tumor capsule (white 335 
dotted line) separating the two. 336 
 337 
Figure 5: Exposed xiphoid process. Skin and underlying muscle have been reflected to allow for 338 
visualization of the xiphoid process (black arrow) and gut (white arrow). The white star denotes 339 
the cranial direction. 340 
 341 
Figure 6: Linea alba. Overlying skin and fascia have been reflected to allow for visualization of 342 
the linea alba (black arrow) running in a cranial to caudal direction. This area is avascular and 343 
provides for blood-loss free access of the peritoneal space. 344 
 345 
Figure 7: Lobe of liver outside peritoneum. This image shows a lobe of the liver that was gently 346 
extracted from the peritoneal space and placed on a piece of gauze. 347 
 348 
Figure 8: Post-processed tumor piece for implantation. A piece of tumor processed to the 349 
appropriate size for implantation placed next to the tip of a #11-blade for scale. 350 
 351 
Figure 9: Creating a pocket in the liver for tumor implantation. An #11-blade is inserted to the 352 



   

appropriate depth in the extracted lobe of the liver. This will create an appropriately sized pocked 353 
for the implantation of the tumor piece from Figure 8.  354 
 355 
Figure 10: The femoral groove and initial incision. (A) Palpation of the hind limb allows for 356 
visualization of the femoral groove (white dotted line). (B) Initial incision in the hind limb made 357 
along the femoral groove. 358 
 359 
Figure 11: Identification of the femoral bundle. Blunt dissection of the initial incision reveals 360 
femoral vein (black arrow). 361 
 362 
Figure 12: Dissection of femoral bundle and isolation of femoral artery. (A) Dissection of the 363 
femoral bundle allows us to individually distinguish (from left to right) the femoral vein (FV), 364 
femoral artery (FA), and femoral nerve (FN). (B) The femoral artery isolated on a scalpel handle. 365 
Note the blood column allowing for distinction from the femoral nerve. 366 
 367 
Figure 13: Vascular access. (A) A guidewire (G) is advanced into the femoral artery (FA) through 368 
the access needle (N) which was previously inserted into the femoral artery. (B) A sheath (S) and 369 
dilator (D) are advanced over the guidewire (G) into the femoral artery (FA). (C) Sheath (S) and 370 
dilator are advanced fully into the femoral artery (FA) up to the sheath hub. (D) Sheath is secured 371 
with silk after the dilator and guidewire have been removed. Aspiration yields blood (black arrow) 372 
in the sheath. 373 
 374 
Figure 14: Angiographic imaging of hepatic tumor. (A) Catheter tip (white arrow) delivering 375 
contrast directly into artery feeding the tumor (white star). (B) Catheter tip (white arrow) 376 
delivering contrast into distal left hepatic artery and moderate contrast uptake by lateral tumor 377 
(white star). (C) Further contrast injection into tumor from B demonstrating an aberrant artery 378 
(white line) traveling from the catheter (white arrow) to the tumor (white star). (D) The tumor 379 
from B after further contrast uptake. 380 
 381 
Figure 15: Rabbit liver. (A) A healthy rabbit liver showing the left medial lobe (white star) 382 
overlying the left lateral lobe (black star). (B) A rabbit liver with a fully developed hepatic tumor 383 
(white arrow).  384 
 385 
DISCUSSION: 386 
The first critical step in the VX2 tumor methodology is successful propagation of a tumor in the 387 
hind limb of a donor rabbit. Refer to the first paragraph in the “Representative Results” section 388 
for more information regarding this step. 389 
 390 
The next critical step is ensuring that the viable tumor capsule is properly identified. Not only will 391 
this be necessary for tumor suspension preparation, but it is also important for selecting and 392 
generating tumor pieces for hepatic implantation. The demarcation between viable tumor and 393 
surrounding muscle tissue is annotated in Figure 4. If the incorrect tissue sample is scraped during 394 
suspension preparation, subsequent hind limb propagation will fail. If this occurs during hepatic 395 
implantation, tumor growth in the liver will not occur. This will not be apparent until angiography.  396 



   

 397 
During the hepatic implantation process, care should be taken when approaching the left lobe of 398 
the liver. Oftentimes, if the liver is readily apparent when entering the peritoneum, it is actually 399 
the medial lobe of the liver that operators are observing. Implantation into the medial lobe of 400 
the liver presents a handful of issues for angiographic use. The first is the medial lobe’s anatomic 401 
relationship with the spine. A medial lobe tumor can often be obfuscated by the spine on 402 
fluoroscopy making confirmation and treatment of the tumor difficult. Additionally, the 403 
gastroduodenal artery is more often associated with the vasculature supplying the medial lobe. 404 
This increases the risk of non-target embolization of the gut and can potentially lead to bowel 405 
ischemia/infarction and possible death of the animal. As stated earlier, this will not qualify as a 406 
failure; however, it does warrant more care during visualization and treatment.  407 
 408 
The final critical step is successful and stable femoral artery access. As seen in Figure 12, the 409 
femoral artery should be isolated atop a scalpel blade handle. While this is mostly done to allow 410 
the researcher to more accurately perform the Seldinger technique20, it should be maintained 411 
throughout the procedure. This is because removing the scalpel handle once the sheath has been 412 
introduced can cause unintended motion of the sheath within the vasculature leading to sheath 413 
occlusion and possible damage of the vasculature and surrounding structures. If the sheath 414 
becomes dislodged during the procedure, apply pressure in the femoral groove proximal to the 415 
access site in order to stop the bleeding, and the artery can then be ligated. Do not attempt to 416 
reinsert the sheath. The researcher can attempt to gain access from the contralateral femoral 417 
artery. 418 
 419 
While the VX2 platform is a robust model in current use for translational research regarding HCC, 420 
it does have relevant shortcomings. The primary weakness of this model is that its disease state 421 
does not mimic that of a human HCC. The tumor induced is not pathologically similar to human 422 
HCC nor is the non-cirrhotic liver parenchymal microenvironment. Moreover, the VX2 tumor 423 
shows substantial internal necrosis, which excludes this model from use for treatment efficacy 424 
studies. Some alternative models include rodent models such as mice, rats, and woodchucks or 425 
larger animal models such as pigs and primates.16,21 These alternatives all provide different 426 
advantages and disadvantages; however, in the opinion of the authors, for angiographic 427 
utilization and cost efficacy, the VX2 rabbit remains dominant. 428 
 429 
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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ARTICLE AND VIDEO LICENSE AGREEMENT 

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. 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.

9. 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.

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, 
in its sole 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
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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. 
 
11.  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. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   

 
A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 
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Department:   
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Article Title:  

Signature:   Date:  
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
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Dear Journal of Visualized Experiments editorial office, 
 
This letter accompanies submission of a revised version of the manuscript JoVE58600 

entitled, “From Start to Finish: A Guide for the Development and Angiographic Use of the Rabbit 
VX2 Model for Liver Cancer.” We thank the reviewers for their careful appraisal and suggested 
revisions, which have resulted in a strengthened manuscript. Responses to specific requested 
revisions are listed below, addressed after each reviewer comment. Also, please note that both 
an annotated and clean revision of the paper has been resubmitted.  
 
Editorial Comments: 
 
• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammatical errors. 
RESPONSE: We have reviewed the manuscript as suggested.  
 
• Please include an ethics statement before your numbered protocol steps indicating that the 
protocol follows the animal care guidelines of your institution. 
RESPONSE: An ethics statement has been added, as requested (line 68-69, Ethics 
Statement: “The following protocol follows all requirements and guidelines mandated by 
the University of Illinois - Chicago. It was reviewed and approved by IACUC prior to 
execution.” 
 
• 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 (e.g. all surgical tools and 
actions need to be mentioned, oxygen flow rate, dosages etc.). Please ensure you answer the 
“how” question, i.e., how is the step performed? Alternatively, for steps that will not be filmed, 
add references to published material specifying how to perform the protocol action. There 
should be enough detail in each step to supplement the actions seen in the video so that 
viewers can easily replicate the protocol. 
RESPONSE: We have reviewed the manuscript as suggested. 
 
• Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and 
spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of 
your protocol steps. 
1) The highlighting must include all relevant details that are required to perform the step. For 
example, if step 2.5 is highlighted for filming and the details of how to perform the step are given 
in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in 
the highlighting. 
2) Some of your shorter protocol steps can be combined so that individual steps contain 2-3 
actions and maximum of 4 sentences per step. 
3) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow 
from one highlighted step to the next. 
4) Please highlight complete sentences (not parts of sentences). Include sub-headings and 
spaces when calculating the final highlighted length. 
5) Notes cannot be filmed and should be excluded from highlighting. 
6) Please bear in mind that anesthesia/euthanasia will not be filmed and should not be 
highlighted. 
RESPONSE: Tumor Implantation and fluoroscopy have been highlighted. 
 
• 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: 

Rebuttal Letter Click here to download Rebuttal Letter JoVE Manuscript
response.docx
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modifications and troubleshooting, limitations of the technique, significance with respect to 
existing methods, future applications and critical steps within the protocol. 
RESPONSE: We have reviewed the manuscript as suggested. 
 
• Figures: 
1) Please number your figures 1, 2, 3 etc and avoid the current hyphenated number scheme. 
2) Please ensure that figures are called outs at appropriate locations in text. 
3) Please add scale references to all figures where relevant. 
RESPONSE: All figures were renumbered. Scale was added were relevant. 
 
• Please define all abbreviations at first use. 
RESPONSE: We have reviewed the manuscript as suggested. 
 
• Please use standard abbreviations and symbols for SI Units such as µL, mL, L, etc., and 
abbreviations for non-SI units such as h, min, s for time units. Please use a single space 
between the numerical value and unit. 
RESPONSE: We have reviewed the manuscript as suggested. 
 
• 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: No figures or tables from previous publications were used.  
 
Comments from Peer-Reviewers:  
Reviewer #1: 
 
Manuscript Summary: 
The description of VX2 model in rabbit is in detail and would be useful for the experiment of 
other, so it was interesting. 
 
Minor Concerns: 
1. In line 84, cause the hair of rabbit was not easy to shave, so do you have better method to do 
this? If you have some trick, please add it into the manuscript. 
RESPONSE: The following has been added to the manuscript: “Note: Rabbit fur is 
difficult to shave. It is recommended that the researcher perform multiple passes, first 
focusing on clearing a bulk of the fur and then pressing the clippers against the skin and 
going against the grain.” 
 
2. In line 204, the volume or size of tumor piece should be clear in here. 
RESPONSE: Placed a size estimate in the line in question. Now in line 213. 
 
Reviewer #2: 
 
Manuscript Summary: 
The Manuscript is well-structured and describes the methods for the development of VX2 rabbit 
liver model and its use for the study on liver cancer. 
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