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SUMMARY:  24 
This protocol demonstrates methodologies for a mouse model of open-skull traumatic brain 25 
injury and transplantation of cultured human induced pluripotent stem cell-derived cells into 26 
the injury site. Behavioral and histologic tests of outcomes from these procedures are also 27 
described in brief. 28 
 29 
ABSTRACT:  30 
Traumatic brain injury (TBI) is a leading cause of morbidity and mortality worldwide. Disease 31 
pathology due to TBI progresses from the primary mechanical insult to secondary injury 32 
processes, including apoptosis and inflammation. Animal modeling has been valuable in the 33 
search to unravel injury mechanisms and evaluate potential neuroprotective therapies. This 34 
protocol describes the controlled cortical impact (CCI) model of focal, open-head TBI. 35 
Specifically, parameters for producing a mild unilateral cortical injury are described. Behavioral 36 
consequences of CCI are analyzed using the adhesive tape removal test of bilateral 37 
sensorimotor integration. Regarding experimental therapy for TBI pathology, this protocol also 38 
illustrates a process for transplanting cultured cells into the brain. Neural cell cultures derived 39 
from the human induced pluripotent stem cells (hiPSCs) were chosen for their potential to 40 
show superior functional restoration in human TBI patients. Chronic survival of hiPSCs in the 41 
host mouse brain tissue is detected using a modified DAB immunohistochemical process. 42 
 43 
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INTRODUCTION:  45 
 46 
Traumatic brain injury (TBI) is a general term for the acquired injury to the brain due to either 47 
indirect mechanical forces (rotational acceleration/deceleration or contra-coup) from blows to 48 
the head or direct damage from objects or blast waves. TBI has been estimated to be the cause 49 
of roughly 9% of worldwide deaths and observed in an estimated 50 million cases per year1,2. A 50 
2017 report from the Centers for Disease Control and Prevention estimated that in 2013, there 51 
were a total of 2.8 million hospital visits and deaths due to TBI in the United States3. Many 52 
milder TBIs go unreported every year. Serious TBI can lead to lifelong impairment of cognition, 53 
motor function, and overall quality of life. The consequences of mild TBI, especially repetitive 54 
sport-related TBI, have been only recently appreciated for their insidious health effects4,5.   55 
 56 
Preclinical modeling is a vital component of developing new mechanistic insights and potential 57 
restorative therapy for TBI. The controlled cortical impact (CCI) model of TBI is an open-head 58 
model of mechanical contusion injury to the cortex. The impact parameters can be modified to 59 
produce CCI injuries that range from mild to severe6. CCI injuries are focal rather than diffuse, 60 
as seen with other closed head models of TBI. CCI can be performed to induce a unilateral 61 
injury, such that the contralateral cortex can serve as an internal comparator. This protocol 62 
demonstrates the characteristics of a mild CCI to a portion of the cortex that encompasses 63 
primary somatosensory and motor regions. This cortical area was chosen for its involvement in 64 
sensorimotor behaviors for which numerous behavior tests can detect injury-induced deficits7. 65 
Behavioral improvements due to therapeutic interventions for TBI can be detected, as well. 66 
 67 
A hallmark of TBI is widespread neural dysfunction in the injured region. Injured neurons 68 
undergo cell death, and neuronal network connectivity is disrupted8,9. TBI disrupts recruitment 69 
of endogenous stem cells, which leads to further downstream behavior deficits10,11.  70 
Transplantation of neural stem cells and stem cell-derived cells has been explored as a 71 
possibility to restore function in the injured brain. In addition to the potential to restore 72 
damaged neural circuitry, transplanted cells exert paracrine effects that promote neuronal 73 
survival and functional recovery from TBI12. A variety of cell types have been transplanted 74 
preclinically to evaluate their restorative potential in models of neurologic disorders13-15. The 75 
recent popularization of induced pluripotent stem cell technology16 has facilitated the 76 
development of numerous human stem cell lines for experimental use. Preclinical testing with 77 
hiPSC-derived cells is an important first step to characterizing a given cell line’s potential 78 
therapeutic efficacy against human diseases. This laboratory has developed protocols for 79 
differentiating hiPSCs to neural phenotypes17 in pursuit of transplantable cells to aid recovery 80 
from traumatic brain injury. 81 
 82 
Experiments in this protocol use a unilateral CCI to induce TBI to the left somatosensory and 83 
motor cortex of adult mice. A mild CCI injury results in a sustained functional deficit in the right 84 
forepaw that is used to track the effects of hiPSC-derived neural cell engraftment on functional 85 
recovery. Forepaw sensorimotor testing in this protocol was adapted from the methodology 86 
established by Bouet and colleagues18 and demonstrated previously by Fleming and 87 
colleagues19.  This protocol outlines a complete workflow for performing an experimental brain 88 



   

injury, therapeutic transplantation of hiPS cells, and behavioral and histologic analysis of 89 
experimental outcome measures. 90 
 91 
PROTOCOL:  92 
 93 
All experiments described in this protocol were reviewed and approved by the Uniformed 94 
Services University Animal Care and Use Committee.   95 
 96 
1. Craniectomy and controlled cortical impact 97 
 98 
1.1. Preparation of the controlled cortical impact device and surgical supplies. 99 
 100 
1.1.1. Load a 1 mL slip-tip syringe with 0.5 mL of sterile saline for wound irrigation. Attach a 25 101 
G needle to the syringe to control irrigation. 102 
 103 
1.1.2. Prepare a dilute solution of CsA in DMSO to final concentration of 1 mg/mL. Load a 104 
second 1 mL slip-tip syringe with 0.5 mL of cyclosporine A (CsA) solution for 105 
immunosuppression. Attach a 25 G needle or larger to the CsA syringe. 106 
 107 
1.1.3. Attach the controlled cortical impact piston to an arm on a stereotaxic frame and set to 108 
an angle of 15°. Attach a 3 mm impactor probe to the piston. 109 
 110 
1.1.4. Set the velocity of impact to 1.5 m/s and the impact dwell time to 0.1 s to produce a mild 111 
cortical injury.  112 
 113 
1.2. Perform a unilateral craniectomy 114 
 115 
1.2.1. Place the mouse in an anesthesia induction chamber connected to an isoflurane 116 
vaporizer with compressed oxygen source. Induce anesthesia with ~3% isoflurane at ~0.7 L/min 117 
oxygen. Check for the depth of anesthesia by the lack of response to the toe-pinch.  118 
 119 
1.2.2. Shave the scalp using electric clippers and wipe away any loose fur. 120 
 121 
1.2.3. Place the mouse in a stereotaxic frame with attached anesthetic delivery nose cone.   122 
 123 
1.2.3.1. Place a warming pad set to 37 °C on the stereotaxic frame under the mouse to maintain 124 
body temperature under anesthesia. Fix the head in place with ear bars and a bite bar and 125 
orient the head such that the skull frontal bone is horizontal. Maintain anesthesia at ~1.5%–2% 126 
isoflurane for the duration of the surgery. 127 
 128 
1.2.4. To perform preoperative care and aseptic surgical preparation, apply antibiotic 129 
ophthalmic ointment to the eyes using a sterile cotton swab. Apply an iodine-based solution to 130 
the shaved scalp area. Remove this with 70% ethanol. Cover the animal with a fenestrated 131 
surgical drape so that the top of the head is visible but the eyes are covered. 132 



   

 133 
1.2.5. Make a midline incision (1.5–2 cm) on the scalp using a scalpel or scissors.  Use sterile 134 
cotton swabs to clean the wound and to clear the fascia left of the midline at bregma. 135 
 136 
1.2.6. Use the impactor probe to identify the craniectomy site. 137 
 138 
1.2.6.1. Set the stereotaxic reference point (X = 0, Y = 0) to bregma.  Adjust the probe laterally 139 
to 2 mm left of the midline. Outline a 5 mm diameter circle around the probe using a fine-tip 140 
surgically safe marker. Raise and rotate the impactor out of position. 141 
 142 
1.2.7. Use the high-speed rotary micromotor kit hand tool to make an open hole in the skull 143 
using a round-tip 0.6 mm or 0.8 mm burr drill bit at ~70%–80% maximum speed. Apply light 144 
pressure to the skull while drilling along the 5 mm circumferential outline to thin this border. 145 
 146 
1.2.7.1.1. Do not apply excess pressure while drilling. This can cause cortical injury due to 147 
vibration, compression, or accidental penetration. Allow the speed of the drill bit to do the 148 
work. 149 
  150 
1.2.7.1.2. Do not drill in any given spot for too long to avoid excess friction heating of the skull. 151 
Irrigate the craniectomy occasionally with sterile saline to remove debris and to reduce heating 152 
from the rotary tool. 153 
 154 
1.2.7.1.3. Pay close attention while drilling over the coronal suture line as these points are 155 
vulnerable to hemorrhage.  156 
 157 
1.2.7.2. Use a pair of fine tweezers to remove the skull flap when the craniectomy outline is 158 
sufficiently thinned. Grasp the flap medially, and gently lift and pull laterally with a radial 159 
motion.  160 
 161 
1.2.7.2.1. Do not to damage the dura mater when lifting the flap; this can cause severe injury 162 
and hemorrhaging.  163 
 164 
1.3. Perform a mild controlled cortical impact injury 165 
 166 
1.3.1. Clean the impactor probe with a sterile alcohol prep pad. Move the impactor probe back 167 
into position over the exposed cortex. Lower the probe until it touches the dura mater surface. 168 
Mark this position as Z = 0. 169 
 170 
1.3.2. Withdraw the piston and move to Z = -1.0 mm. Discharge the piston to impact the 171 
cortex.   172 
 173 
1.3.3. Quickly raise the piston and move the arm out of position. Apply generous amounts of 174 
saline to irrigate the cortex after injury. Rinse the surgery site with saline as needed and suture 175 
the scalp incision using simple interrupted stiches with 5.0 silk suture.   176 



   

 177 
1.4. Perform postoperative care on the mouse 178 
 179 
1.4.1. Discontinue anesthesia. Deliver CsA by subcutaneous injection into scruff at 10 mg/kg 180 
dose. Place the mouse in a clean and pre-warmed postoperative cage.  181 
 182 
1.4.2. Provide acetaminophen analgesic in the drinking water at 1.0 mg/mL.  183 
 184 
NOTE: Provide analgesia according to the appropriate IACUC standard operating procedure and 185 
in consideration of experimental outcome variables (e.g., sedation, neuroinflammation). 186 
 187 
1.4.3. Provide moistened chow food in a warmed recovery cage to aid in rehydration and 188 
recovery. 189 
 190 
1.5. Proceed from section 2 to section 4 above when performing craniectomy-only (sham) 191 
controls. 192 
 193 
2. Stereotaxic transplantation of cell suspension 194 
 195 
2.1. Begin cell transplantation procedure roughly 24 h after craniectomy. 196 
 197 
2.2. Prepare the cell transplantation equipment and surgical supplies 198 
 199 
2.2.1. Fill a 1 mL slip-tip syringe with sterile saline for wound irrigation. Attach a 25 G needle to 200 
the syringe to control irrigation. 201 
 202 
2.2.2. Fill a 1 mL slip-tip syringe with CsA solution for immunosuppression. Attach a 25 G needle 203 
or larger to the CsA syringe. Refill the CsA syringe as needed between surgeries. 204 
 205 
2.2.3. Prepare glass needles from 1.0 mm OD borosilicate glass capillary pipettes using standard 206 
methods.   207 
 208 
2.2.4. Use fine tweezers to break the needle tips to approximately a 200 µm diameter. Ensure 209 
that the cylindrical shaft of the needle is no longer than 2.5 cm. 210 
 211 
2.3. Calibrate the syringe pump for use with a 10 µL syringe.  Enter a flow rate of 0.2 µL/min to 212 
deliver a total volume of 2.0 µL. 213 
 214 
2.4. Prepare human induced pluripotent stem cell (iPSC) suspension. 215 
 216 
2.4.1. Perform all cell handling in a cell culture BSL-2 hood using standard sterile handling 217 
techniques. 218 
 219 



   

2.4.2. Prepare cell cultures in advance according to standard conditions defined for the cell 220 
type. Refer to Lischka et al.17 as an example. 221 
 222 
NOTE: Experiments shown in this demonstration used various neural phenotype cells derived 223 
from hiPSCs. 224 
 225 
2.4.3. Gently dissociate the cells into a single-cell suspension using a cell detachment solution, 226 
or other preferred enzymatic or chemical means.   227 
 228 
2.4.4. Count cells in suspension, then dilute the suspension to 5 x 104 cells/µL in minimal cell 229 
culture medium (e.g., DMEM) in a 1.7 mL flip top test tube.   230 
 231 
2.4.5. Observe the following notes for transplantation: 232 
 233 
2.4.5.1. Maintain the cells in suspension at 37 °C for the duration of procedures.   234 
 235 
2.4.5.2.   Load the syringe only immediately prior to performing intraparenchymal injection 236 
(step 4.5 below).  237 
 238 
NOTE: Gravity can cause the cell suspension to settle or to cling to the side of the syringe if laid 239 
on its side. This leads to irregularities in the number of cells injected. 240 
 241 
2.4.5.3. Allot ~5 x 105 cells (10 µL suspension) per mouse if performing multiple cell 242 
transplantation procedures in one day. 243 
 244 
2.5. Perform stereotaxic transplantation surgery 245 
 246 
2.5.1. Place the mouse in an anesthesia induction chamber connected to an isoflurane 247 
vaporizer with compressed oxygen source. Induce anesthesia with ~3% isoflurane at ~0.7 L/min 248 
oxygen. 249 
 250 
2.5.2. Place the mouse in a stereotaxic frame with attached anesthetic nose cone.   251 
 252 
2.5.2.1. Fix the head in place with ear bars and a bite bar and orient the head such that the skull 253 
frontal bone is horizontal. Maintain anesthesia at ~1.5%–2% isoflurane for the duration of the 254 
surgery. 255 
 256 
2.5.3. Perform preoperative care and aseptic preparation 257 
 258 
2.5.3.1. Apply hydrating ophthalmic ointment containing antibiotic to eyes using a cotton 259 
swab.   260 
 261 
2.5.3.2. Lavage the incision site with sterile saline to clean the site and to loosen sutures. Gently 262 
apply 70% ethanol with a cotton swab to sterilize the incision site. 263 



   

 264 
2.5.4. Remove sutures using fine tweezers and ophthalmic scissors. Irrigate surgery site and 265 
craniectomy with abundant sterile saline.  266 
 267 
2.5.4.1. Consider the animal for exclusion if the cortex displays disqualifying characteristics 268 
including excessive herniation, discoloration, disrupted vascularization, or hemorrhage. 269 
 270 
2.5.5. Load the cell transplant syringe 271 
 272 
2.5.5.1. Move cell suspension from the 37 °C incubator to a cell culture biosafety hood. Gently 273 
swirl or tap the tube to ensure a homogeneous cell suspension. 274 
 275 
2.5.5.2. Use a micro pipettor to load ~7.5 µL cell suspension into the Hamilton syringe through 276 
the plunger end.   277 
 278 
2.5.5.2.1. Hold the syringe at a ~120° angle with the plunger end facing down. Insert the 279 
plunger, taking care not to introduce an air bubble between the suspension and plunger tip. 280 
 281 
2.5.5.3. Attach the gasket assembly to the pipette needle, then attach the needle to the 282 
syringe. 283 
 284 
2.5.5.4. Push the plunger to move cell suspension into the pipette needle.  If there is resistance 285 
against suspension outflow, use fine tweezers to break the needle tip to enlarge the diameter. 286 
 287 
2.5.6. Attach the syringe to the stereotaxic syringe pump.  Advance the plunger to make sure 288 
the syringe pump assembly is working properly.   289 
 290 
2.5.7. Move the needle into the coordinates for injection. 291 
 292 
2.5.7.1. Align the needle tip to bregma. Set the X and Y coordinates to 0. Then move the needle 293 
tip over the craniectomy to 2.0 mm lateral and -1.0 mm posterior to bregma.  Touch the needle 294 
tip to the dura mater surface and set the stereotaxic coordinate to Z = 0.  295 
 296 
2.5.7.2. Push the plunger to ensure the cell suspension is flowing adequately before introducing 297 
the needle into the brain.  298 
 299 
2.5.7.3. Introduce the needle into the brain to a depth of Z = -1.4 mm. These stereotaxic 300 
coordinates place the graft at the gray matter-white matter border of the deep cortex20.  301 
 302 
2.5.8. Start the syringe pump to infuse cell suspension. Set the lab bench timer to 15 min and 303 
start the timer. Use a long working distance microscope to monitor cell suspension outflow. 304 
 305 
2.5.8.1. Irrigate the surgery site with sterile saline during injection to maintain tissue hydration. 306 
 307 



   

2.5.8.2. At 15 min, slowly withdraw the transplantation needle.  Irrigate the surgery site with 308 
saline and close the incision with sutures.   309 
 310 
2.5.9. Perform postoperative care 311 
 312 
2.5.9.1. Discontinue anesthesia. Deliver CsA by subcutaneous injection into scruff at 10 mg/kg 313 
dose. Place the mouse in a clean and pre-warmed postoperative cage.  314 
 315 
2.5.9.2. Provide acetaminophen analgesic in the drinking water at 1.0 mg/mL.  316 
 317 
NOTE: Provide analgesia according to the appropriate IACUC standard operating protocol (SOP) 318 
and in consideration of experimental outcome variables.  319 
 320 
2.5.9.3 Provide moistened chow food recovery cage to aid in rehydration and recovery. 321 
 322 
2.6. Continue daily CsA injections at 10 mg/kg throughout the survival duration of the mouse. 323 
 324 
3. Adhesive tape removal test of sensorimotor integration 325 
 326 
3.1. Cut the electrical tape into 3 mm x 5 mm strips using a small razor knife prior to performing 327 
the behavior test. Use a smooth glass surface for cutting the adhesive strips. 328 
 329 
N OTE: Use yellow and red tape, as mice have difficulty distinguishing between these colors21. 330 
 331 
3.1.2. Select a small mirror that fits well inside the clear plastic box.   332 
 333 
3.1.2.1. Fix the mirror in place at a roughly 45° angle with modeling clay or adhesive tape in 334 
order to view animal behavior from below.   335 
 336 
3.1.3. Place the box and mirror assembly on a bench in a quiet dedicated behavior testing 337 
room.  Arrange the cylinder on the plastic box above the mirror. 338 
 339 
3.1.4. Arrange the handling cloth, tweezers, and adhesive strips on the bench next to the 340 
behavior testing box. 341 
 342 
3.1.5. Clean the box and cylinder with 70% ethanol and paper towels.  Allow surfaces to dry 343 
thoroughly. 344 
 345 
3.1.6. Bring the mice into the behavior testing room. Allow the mice to acclimate to the testing 346 
room for at least 30 min prior to behavior testing.   347 
 348 
3.1.7. Remove water supplies from the cages to minimize urination events during testing, which 349 
can interfere with efficient test performance. 350 
 351 



   

3.2. Perform the adhesive removal test 352 
 353 
NOTE: This behavior test is best performed by two to three investigators: one to operate the 354 
stopwatches, and one or two to handle the mice and observe the behavior. 355 
 356 
3.2.1. Use each tweezer to peel one adhesive strip of each color.   357 
 358 
3.2.1.1. Choose which strip color corresponds to which forepaw and remain consistent 359 
throughout the trial. 360 
 361 
3.2.2. Use the handling cloth to restrain a mouse by the scruff of the neck and back such that 362 
the mouse holds the forepaws away from its body and head. 363 
 364 
3.2.3. Use tweezers to place an adhesive strip on the plantar surface of each forepaw. Use 365 
delicate and consistent finger pressure to secure the strips to the paws. 366 
 367 
3.2.4. Quickly place the mouse into the plastic cylinder. Start the two stopwatches when the 368 
mouse has all four paws on the plastic box. 369 
 370 
3.2.5. Use the two stopwatches to record the latencies for the following four events: left paw 371 
notice, left paw removal, right paw notice, right paw removal. 372 
 373 
3.2.5.1.   Record a notice event when the animal makes unambiguous recognition of the 374 
adhesive strip by shaking or flinching the paw or biting the strip. 375 
 376 
3.2.5.2.   Record a remove event when the animal effectively removes the strip from the 377 
forepaw plantar surface.   378 
 379 
NOTE: The remove event is not disqualified by strip readherence or if the strip clings to the 380 
lateral surface of the forepaw.  381 
 382 
3.2.5.3. Stop the timer at 120 s if the corresponding strip has not been removed.   383 
 384 
3.2.5.4. Record the elapsed times for the four events on the data sheet. 385 
 386 
3.2.6. Perform a second trial on each mouse 387 
 388 
3.2.6.1. Allow a minimum of 5 min to elapse between trials for an individual mouse to reduce 389 
stress, which can interfere with efficient performance on the test. 390 
 391 
3.2.6.2. Clean the apparatus with paper towels between testing mice to remove waste when 392 
testing multiple mice from a single cage.   393 
 394 



   

3.2.6.2.1. Clean the apparatus thoroughly with 70% ethanol and paper towels when testing 395 
mice from multiple cages.  396 
 397 
3.2.6.3. Reverse the color-paw placement order for the second trial of the session to randomize 398 
any effect of color. 399 
 400 
3.2.7. Calculate the average latency of each event between two trials per daily session for each 401 
animal. 402 
 403 
3.3. Clean the apparatus and handling cloth thoroughly with water, replace the cage water 404 
supplies, and return the mice to their holding facility. 405 
 406 
3.4. Repeat steps 3.1–3.2 on successive experimental timepoints for a repeated measures trial 407 
design.  408 
 409 
NOTE: Repeat steps 3.2.1–3.2.5.3 daily for 5 days prior to any data collection to acclimate the 410 
animals to the task. Baseline data acquisition prior to surgery is recommended.  411 
 412 
4. Diaminobenzidine (DAB) immunohistochemical analysis of graft survival and injury 413 
pathology 414 
 415 
4.1. Euthanize the animals and perform a transcardial perfusion. 416 
 417 
4.1.1. Prepare solutions of 0.1 M phosphate-buffered saline (PBS) and 4% paraformaldehyde 418 
(PFA) in PBS. Balance the pH of both solutions to 7.4. 419 
 420 
4.1.2. Place the two solutions on ice in a fume hood. Place a peristaltic pump in the fume hood, 421 
and run the pump to fill the tubing with PBS. Set the pump flow rate to ~7 ml/min.  Connect a 422 
25 G needle to the outflow tube of the pump. 423 
 424 
4.1.3. Place a drainage tray with a soft substrate in the hood. Raise one end of the tray at a 425 
slight angle so that perfusion fluids drain to the lower end. 426 
 427 
4.1.4. Place a mouse in an anesthesia induction chamber. Fill the chamber with 4% isoflurane 428 
using compressed 100% oxygen vehicle gas.  429 
 430 
4.1.5. Move the anesthetized mouse from the chamber to an anesthesia nose cone. Decrease 431 
the isoflurane to 2%. 432 
 433 
4.1.6. Perform a thoracotomy to expose the heart. Discontinue anesthesia, as the thoracotomy 434 
causes euthanasia. 435 
 436 
4.1.7. Carefully place the perfusion pump outflow needle in the left ventricle along the long axis 437 
of the heart. Do not pierce the heart septum, as this will cause poor perfusion. 438 



   

 439 
4.1.8. Use small scissors to cut the right atrium, then immediately turn on the peristaltic pump. 440 
 441 
4.1.9. Continue the PBS flow until the fluid leaving the right atrium runs clear of blood. 442 
 443 
4.1.9.1. Turn off the pump. Move the pump intake tube to the container of PFA. Restart the 444 
pump. Continue perfusing PFA until either the animal is sufficiently rigid or until a 20 mL 445 
volume has been pumped through. 446 
 447 
4.1.9.2. Turn off the pump. Remove the outflow needle from the heart. Move the intake tube 448 
from the PFA to the PBS, and thoroughly flush out PFA from the tubing. 449 
 450 
4.2. Remove the brain from the skull by careful dissection. Place the brain in a small container 451 
filled with 4% paraformaldehyde, and allow the brain to post-fix overnight at 4 °C.  452 
 453 
4.3. On the day after post-fixation, replace the P with PBS and 0.1% sodium azide. Store the 454 
brains in this solution until preparation for histologic sectioning.  455 
 456 
4.4. Collect 40–50 µm sections of formaldehyde-fixed brain tissue via a freezing microtome or 457 
room temperature vibratome.  458 
 459 
4.5. Pretreat tissues in 0.3% hydrogen peroxide in water to inactivate endogenous peroxidases, 460 
which can produce nonspecific staining. 461 
 462 
4.6. Perform antigen retrieval using citric acid buffer (10 mM sodium citrate, 0.05% 463 
polysorbate-20, pH 6.0) at 60 °C for 30 min. 464 
 465 
4.7. Perform antibody labeling by standard methods.  Refer to Lundell et al.’s report22 from this 466 
laboratory for more details. 467 
 468 
4.7.1. Use a mouse IgG neutralization kit (see Table of Materials) to reduce cross-reactivity with 469 
endogenous antibodies. Incubate the tissues in IgG neutralization buffer for at least 1 h at room 470 
temperature (RT), following the manufacturer’s directions.  471 
 472 
4.7.2. Use a mouse anti-human nuclear antigen primary antibody (hNA; 1:500 dilution) when 473 
transplanting human iPSC-derived cells to locate the transplanted cells. Incubate tissues with 474 
the primary antibody at 4 °C for 48–72 h using gentle agitation. 475 
 476 
4.7.3. After rinsing away primary antibody solution, incubate tissues with HRP-conjugated anti-477 
mouse secondary antibody at 1:250 dilution for 2 h at RT. 478 
 479 
4.7.4. Perform DAB chromogen reaction by standard methods to reveal immunolabeling. Allow 480 
DAB reaction to develop for 5 to 10 min at RT. 481 
 482 



   

4.8. Attach stained tissues to slides and apply cover slips using standard methods. 483 
 484 
4.9. Quantify numbers of labeled cells using unbiased stereology as described previously23,24. 485 
Perform analysis using 20 µm optical sections and a between section interval of three.  486 
  487 
REPRESENTATIVE RESULTS:  488 
 489 
Craniectomy surgery facilitates experimental brain injury and therapeutic cell 490 
transplantation: the controlled cortical impact model of brain injury and subsequent cell 491 
transplantation therapy require careful removal of the overlying skull. The craniectomy may be 492 
performed on any dorsal surface of the skull to permit manipulations to the brain region of 493 
interest. The diagram in Figure 1 depicts a 5 mm diameter craniectomy schematic to uncover 494 
primary somatosensory and motor cortices (Figure 1A). At 24 h after craniectomy, a second 495 
surgery was performed to inject human iPSC-derived neural cell suspension into deep layers of 496 
the cortex (Figure 1B). Some cerebral edema is normal on the first day following craniectomy, 497 
and particularly after CCI. However, cerebral vasculature sparing during all phases of this 498 
procedure is crucial for survival of the cortex. Figure 2 illustrates the cell transplantation 499 
procedure in a mouse with minimal cerebral herniation, minimal bleeding, and extensive 500 
cortical vascularization. These features are good prognostic indicators of a successful surgery. 501 
 502 
Adhesive tape removal testing reveals sensorimotor deficits after unilateral brain injury: the 503 
parameters of the brain injury model described above were predicted to affect forelimb 504 
sensory and motor function. The adhesive tape removal test was chosen to evaluate the 505 
severity of forelimb functional deficits, and the potential therapeutic benefits of cell 506 
transplantation. Mice were trained on the testing procedure for 5 days, then allowed to rest for 507 
two days prior to baseline behavior testing. Surgeries were performed on the day following 508 
baseline testing. Behavior tests in this study were performed on postoperative days 1, 3, 5, 7, 509 
10, 14, 21, 28, 35, and 42. Figure 3 shows results from a pilot experiment in which forelimb 510 
function in mice with craniectomy alone (sham) and with CCI injury were compared to forelimb 511 
function in naïve mice (n = 11 naïve, 12 sham, 11 CCI). Mice that underwent surgery exhibited 512 
transient increased latencies to notice adhesive stimuli for 1–3 days immediately after surgery 513 
(Figure 3A,B).  Mice showed transient postoperative deficits in adhesive removal from the 514 
ipsilateral forepaw as well (Figure 3C). However, mice that underwent CCI exhibited significant 515 
deficits in motor performance in the forepaw contralateral to injury compared to naïve mice 516 
out to postoperative day 28 (Figure 3D). These data also describe the unexpected severity of 517 
sensorimotor loss in craniotomized mice without CCI, indicating that surgical craniectomy to 518 
this area also induces TBI-related neurofunctional deficits. 519 
 520 
Immunodetection of human induced pluripotent stem cell (iPSC)-derived cell grafts in mouse 521 
brain sections: experiments were performed to determine whether human iPSC-derived neural 522 
cells would survive long-term transplantation in the mouse brain. Human neural stem cells 523 
(NSCs) derived from iPSCs were differentiated into either immature neurons or astrocytes in 524 
vitro using established methods17. Transplants of each of the three neural cell phenotypes were 525 
tested in our CCI model of traumatic brain injury using the procedure described above and 526 



   

depicted in Figure 2. The mice were euthanized for histologic analysis at 7 days after 527 
transplantation. Mouse brain sections were immunostained for the human nuclear antigen 528 
(hNA). Human cell grafts could be clearly distinguished from host tissue in sham surgery and CCI 529 
brains (Figure 4). Astrocyte grafts (n = 3 sham, 2 CCI) showed poor survival compared to NSCs (n 530 
= 12 sham, 15 CCI) and neurons (n = 11 sham, 10 CCI), and were not considered for future 531 
experiments. 532 
 533 
FIGURE LEGENDS:  534 
 535 
Figure 1: Coordinate parameters of surgical manipulations. Cartoon depictions of mouse brain 536 
regions of interest. Red circles indicate a ~5 mm diameter craniectomy. A red cross indicates 537 
the craniectomy central point 2 mm lateral to bregma. (A) The shaded region of cerebral cortex 538 
in the upper diagram is affected by mild CCI when a craniectomy is performed as shown in 539 
lower diagram. (B) The blue arrow in upper diagram indicates the approximate location of cell 540 
injections at 1.4 mm depth from cortical surface. The blue cross in the lower diagram indicates 541 
the placement of cell injection 2 mm lateral and 1 mm posterior to bregma. 542 
 543 
Figure 2: Intraoperative monitoring of cell suspension injection. Photograph taken through a 544 
long working distance microscope during intraparenchymal cell injection. Anatomic features are 545 
annotated for clarity. The scalp partially obscures the surgery site to minimize dehydration 546 
during the procedure. Minor bleeding may occur during needle penetration as shown, which is 547 
not cause for concern if large cortical vessels remain intact. 548 
 549 
Figure 3: Behavioral evaluation of sensorimotor integration after brain injury. Mice that 550 
underwent craniectomy and CCI were compared to naïve controls and to mice that underwent 551 
only sham surgery (n = 11 naïve, 12 sham, 11 CCI). Data are presented as group mean latencies, 552 
with error bars indicating SEM. (A) Mice that underwent CCI exhibited increased latency to 553 
recognize adhesive stimuli applied to the ipsilateral forepaw on the first postoperative day. (B) 554 
Mice that underwent craniectomy or CCI exhibited substantially increased latency to notice 555 
adhesive stimuli applied to the contralateral forepaw on postoperative days 1 and 3. (C) Mice 556 
that underwent craniectomy or CCI exhibited substantially increased latency to remove 557 
adhesive stimuli from the ipsilateral forepaw on postoperative days 1 and 3. (D) Mice that 558 
underwent craniectomy or CCI exhibited substantially increased latency to remove adhesive 559 
stimuli from the contralateral forepaw on postoperative days 1–5. Motor deficits in mice with 560 
CCI persisted strongly for 28 days after injury.  561 
 562 
Figure 4: DAB immunohistochemistry for human cell grafts in mouse brains. Human iPSCs 563 
were differentiated into neural stem cells (NSCs), neurons, or astrocytes in vitro. Cell cultures 564 
were transplanted into mouse brains with or without CCI. Mice were euthanized for histologic 565 
analysis seven days after cell transplantation. Micrographs depict representative results of 566 
human nuclear antigen staining. Black insets depict markers for stereologic quantification of cell 567 
numbers (cyan) and graft volume (red).  568 
 569 
DISCUSSION:  570 



   

 571 
Mild CCI as a model system for testing experimental regenerative therapy 572 
The CCI model is a valuable tool for investigating mechanisms of tissue dysfunction after 573 
mechanical injury to the cortex. The tunability of the injury parameters is an attractive feature 574 
of this model. Altering the Z depth of impact, the velocity, or dwell time can increase or 575 
decrease severity of the injury as desired by the investigator10,25. The mild CCI model of 576 
contusive brain injury, when performed correctly, should cause modest cortical cell death and 577 
minimal cavitation. Craniectomy and skull flap removal must be performed with great care. 578 
Excessive downward force applied while drilling the craniectomy trench can cause cortical 579 
injury due to heating and vibration. Mechanical disruption of the dura mater during skull flap 580 
removal almost uniformly predicts severe cortical injury. Disruption of major cortical blood 581 
vessels is likely to result in excessive lesioning of the cortex and is grounds for excluding the 582 
animal from the experiment. Unfortunately, the signs of an exacerbated injury can be subtle on 583 
the day after surgery. Neither edema nor small cortical vessel rupture are necessarily negative 584 
indicators. Hematomas and abnormal coloration due to ischemia are clearer indicators of 585 
surgical complication. Documenting intraoperative events and correlating complications with 586 
histopathologic outcomes are crucial to refining good craniectomy technique. 587 
 588 
It must be noted that mTBI modeling in animals comes with certain caveats. There are 589 
numerous preclinical models of mTBI other than the model presented here. Experimental TBI 590 
can be induced through mechanical forces, blast waves through air, or a combination of these 591 
forces26-28. Mild to severe injuries are judged by a combination of histopathological and 592 
behavioral outcomes (reviewed in Petraglia29 and Siebold30). Behavior deficits in rodents can 593 
resolve within days to weeks31 whereas human mTBI patients’ deficits can persist for months in 594 
the form of post-concussive syndrome32. Although no single model is a complete analog for 595 
clinical mTBI, preclinical testing reveals physiologic mechanisms that cannot be assessed in the 596 
human condition. 597 
 598 
The most important steps in the cell transplantation procedure are the handling and injection 599 
of the cell suspension. Rough handling causes cell lysis, leading to the release of sticky genomic 600 
DNA and aggregation of the surviving suspended cells. The needle tip diameter must be wide 601 
enough to permit smooth outflow of the suspension; restricted flow causes discontinuous 602 
delivery as the suspension sediments inside the needle. When following this protocol and 603 
avoiding the pitfalls discussed here, robust grafts were visible after 7-day survival times (Figure 604 
4). Long term graft survival in a preclinical model is key to determining potential therapeutic 605 
efficacy of this approach.  606 
 607 
Application of the adhesive tape removal test to contusive brain injury modeling 608 
The adhesive removal test reveals positive neurologic deficits in terms of increased latency to 609 
remove the adhesive stimuli. The main potential drawback to this test is the likelihood of 610 
inhibited performance due to factors not related to injury. Handling stress can reduce mouse 611 
exploratory behavior33, so it is crucial that the animals undergo extensive restraint acclimation 612 
prior to baseline data collection. It is important to remove water supplies at least 30 min prior 613 
to testing in order to mitigate urination-related freezing events. Finally, the testing apparatus 614 



   

must be cleaned often as animals can become distracted into investigatory sniffing of odor cues 615 
from unfamiliar animals.  616 
 617 
Results presented here show significant forepaw motor deficits contralateral to mild CCI up to 618 
28 days after injury. By contrast, concurrent testing using the cylinder test34 and accelerating 619 
rotarod3 showed injury-induced functional deficits that resolved within 5–10 days (data not 620 
shown). Adhesive tape removal has been used in a variety of experiments evaluating unilateral 621 
deficits in sensorimotor integrative behavior7,35.  The test was also recently used to assess 622 
motor function recovery following regenerative intervention for cervical spinal cord injury36. 623 
The dynamic range of performance on this test can be tuned for latency or species variation by 624 
selecting adhesives of different strength. Here, it is suggested that 3M electrical tape is an 625 
optimal stimulus for mice based on availability, durability, and substantially increased latency to 626 
remove stimuli following mild CCI. Although the preliminary experiments shown here do not 627 
combine cell transplantation and behavior testing, ongoing experiments in our laboratory will 628 
assess transplant survival and concurrent effects on sensorimotor behavioral recovery from 629 
brain injury at 56 days after transplantation. 630 
 631 
Refinement to DAB immunodetection of human cell grafts 632 
DAB immunohistochemistry was chosen in order to produce strong, persistent labeling of 633 
human cells in mouse tissue for subsequent stereologic quantification. Pretreatment with 634 
hydrogen peroxide is crucial for reducing nonspecific staining in brain tissue due to endogenous 635 
peroxidases in erythrocytes. Nonspecific staining in these experiments was further reduced 636 
using a mouse IgG neutralization kit. This kit uses proprietary chemicals to reduce antigenicity 637 
of endogenous mouse IgGs, which can extravasate into brain tissue after TBI37. Early attempts 638 
employed a combination of mouse anti-hNA primary antibody, biotin-conjugated secondary 639 
antibodies, and streptavidin-HRP conjugate tertiary labeling using the Vector Laboratories ABC 640 
kit. The ABC conjugate exhibited extensive nonspecific DAB staining in the cortex ipsilateral to 641 
the craniectomy (data not shown). Subsequent staining trials employed secondary antibodies 642 
directly conjugated with HRP. This modified protocol produces high-resolution nuclear staining 643 
with greatly reduced background for all hiPS-derived cell types and surgery conditions (Figure 644 
4). Unpublished experiments from this laboratory using this modified DAB staining technique 645 
detect hNA-positive cells in mouse brains 56 days after mild CCI. Overall, a binary antibody 646 
labeling procedure saved time and produced clearer immunostaining compared to the 647 
traditional tertiary labeling ABC kit procedure. This protocol could be useful for other preclinical 648 
studies of human cells transplanted into the mouse central nervous system.  649 
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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.

Orion Furmanski, Michael D. Nieves, and Martin L. Doughty

Controlled Cortical Impact model of mouse brain injury with therapeutic 
transplantation of human induced pluripotent stem cell-derived neural cells

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

https://www.editorialmanager.com/jove/download.aspx?id=978657&guid=cd4129cd-eddf-4542-af25-21c276ffd850&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=978657&guid=cd4129cd-eddf-4542-af25-21c276ffd850&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 

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

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
5. Grant of Rights in Video – Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE. 
6. Grant of Rights in Video – Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.
9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.
11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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Furmanski, Nieves, and Doughty – JoVE submission JoVE59561 

 

Response to editorial and peer reviewer comments 

 

We greatly appreciate the efforts of the editors and peer reviewers on behalf of our manuscript. The original 

critiques are shown below in bold font. Our responses are shown directly below each reviewer’s critique in italics. 

 

Responses to editorial comments: 

 

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

or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted 

revision may be present in the published version. 

 

We have extensively proofread the manuscript for inaccuracies in spelling and grammar. 

 

2. Please define all abbreviations before use. 

 

We clarified some abbreviations that were not initially defined (e.g. CsA). 

 

3. Please provide an email address for each author. 

 

Emails were added for authors Furmanski and Nieves. 

 

4. Please include an ethics statement before your numbered protocol steps, indicating that the protocol 

follows the animal care guidelines of your institution. 

 

A statement regarding adherence to Institutional Animal Care and Use Committee had been included in the 

Acknowledgement section at the bottom of the manuscript.  This statement was revised and moved to the beginning 

of the step-by-step protocol as requested. 

 

5. For the protocol section please have all the steps and headings numbered. For e.g. Please number Line 

80., line 180, Line 315, etc. Please adjust the numbering of the Protocol to follow the JoVE Instructions for 

Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. 

 

Protocol section headings were numbered as requested.  

 

6. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone 

how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 

imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” 

“should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative 

tense may be added as a “Note.” However two notes cannot follow each other. 

 

Several steps, clarifying statements, and suggestions were not constructed in the imperative tense.  We worked 

extensively to either change these statements to the imperative, or moved them to the Discussion section as 

requested. 

 

7. The Protocol should contain only action items that direct the reader to do something. Please move the 

discussion about the protocol to the Discussion. 

 

As above, several methodologic suggestions were moved to the Discussion section. 
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8. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text 

between sections. 

 

Steps in the protocol were streamlined wherever possible to limit each step to an individual action. 

 

9. Please provide volume and concentrations of all the solutions/reagents used in your study. Please be as 

specific as you can with respect to your experiment. 

 

Some steps were initially unclear regarding volumes of saline or cyclosporine A (CsA) to be loaded in syringes. 

Reagent volumes have been clarified as requested. 

 

10. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how 

is the step performed? 

 

We have added detail to protocol steps where appropriate to improve clarity. 

 

11. 1.1. What kind of syringe? How much saline?  12. 1.1. and 1.2 are different syringes? How much? 

 

We clarified the types of syringes to use for saline irrigation and CsA injections. The syringes are separate 

syringes of the same model. 

 

13. 4.1: What kind of cells? 

 

We have clarified the protocol to specify neural stem cells derived from human induced pluripotent stem cells. 

However, this protocol can be used for transplanting many different kinds of mammalian cells in suspension. 

 

14. Once all changes are done, please ensure that the highlights are 2.75 pages or less of the Protocol 

(including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the 

steps that should be visualized to tell the most cohesive story of the Protocol. This will be used for generating 

script for the video.  

 

The highlighted sections were revised. Headings that were not methodologic were removed from highlights.  Some 

additional steps in the adhesive tape removal protocol were added to highlights.  The highlighted protocol steps 

total roughly 2.75 pages. 

 

15. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-

6 paragraphs with citations: 

 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

 

The Discussion section has been extensively revised.  Some advisory statements from the protocol were moved to 

the Discussion as requested in Comment 6. Each section of the amended Discussion was revised to conform to 

the content suggested by the Editor. 

 

16. Please expand the journal names in the reference section. 

 

The bibliography was reformatted to include full journal titles. In-line citations are presented as superscript 

numbers. 



 

17. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit 

permission can be expressed in the form of a letter from the editor or a link to the editorial policy that 

allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. 

The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from 

[citation].” 

 

The figures used in this manuscript have not been previously published in journal article format and are not 

subject to copyright restriction.  

 

18. Please alphabetically sort the table of materials. Please remove trademark (™) and registered (®) 

symbols from the Table of Equipment and Materials. 

 

The table of materials has been updated.  We added additional details on the rotary tool used for craniectomy.  

The revised list of materials was alphabetized as requested. 

 

Responses to Peer Reviewer #1: 

 

1. Cyclosporin needs to be mentioned in parenthesis during the first instance of usage of CsA. 

 

The first instance of Cyclosporine A in the text was spelled out as requested. 

 

2. It is known that a higher speed setting on rotary tool can cause heat damage to the tissue during 

craniectomy. What speed setting are you using or recommend? 

 

We regret not including specific settings on the rotary tool equipment to use for performing craniectomy. The 

adjustment dial on the base unit which dictates rotation speed does not indicate revolutions per minute (RPMs). 

Instead, we have indicated a range of RPMs as a percentage of maximum speed.  

 

3. Craniectomy over the cranial sutures could lead to hemorrhage. Are there any precautions that the 

authors took? 

 

Our experiences agree with the reviewer’s observation that drilling over cranial suture joints can cause 

hemorrhaging. We have clarified the protocol to indicate that the sutures must be avoided during craniectomy. 

 

4. Acetaminophen is known as a neuroprotector (Expert Opin Emerg Drugs. 2009 Mar; 14(1): 67-84., J 

Neuroinflammation. 2009; 6: 10.). Would using acetaminophen affect the behavior results?  

 

Acetaminophen was chosen on the basis of its minimal neurobehavioral side effect profile. NSAIDs generally are 

more acceptable than stronger opiate analgesics which may cause sedation. Please see our response to Reviewer 

#2 critique 3 for a more detailed explanation. 

 

5. The authors need to mention the timeline for the adhesive tape test in the protocol.  

 

We have elaborated on the timeline for performing adhesive tape behavior testing as requested by the reviewer. 

This timeline includes when training and baseline testing take place before craniectomy (with or without CCI). 

We go on to list the days on which postoperative behavior testing were performed in the experiment described.  

The postoperative testing schedule is mutable according to a given investigator’s experimental paradigm.  

 

6. Why are the craniectomy only mice performing worse than naïve mice? 

 



The reviewer correctly observes that mice which underwent craniectomy performed worse in the adhesive 

removal test than naïve mice.  Performance deficits were attributed to injury and inflammation from surgery. 

Transient cognitive dysfunction due to isoflurane anesthesia may have played a role as well. Naïve controls were 

truly naïve, and did not undergo anesthesia. 

 

7. The CCI injury can cause IgG extravasation and hemorrhage in the cortical tissue. The needle tract also 

can contribute. The blood and IgG can react with DAB to give false positives. What modifications did the 

authors do for the IHC protocol to reduce this? 

 

Our experience during optimization of human nuclear antigen immunohistochemistry agree with the reviewer’s 

observation that endogenous erythrocyte peroxidases and endogenous IgGs can produce non-specific DAB 

staining in injured brain tissue. We added clarification to the protocol regarding the use of hydrogen peroxide to 

inactivate endogenous peroxidase activity. Already present in the protocol was the use of the Vector Laboratories 

Mouse On Mouse kit. This kit contains proprietary chemicals that block antigenicity of endogenous mouse IgGs, 

which may have extravasated into brain tissue after injury. We regret the lack of clarity on these two important 

aspects of DAB immunohistochemistry. 

 

 

Responses to Peer Reviewer #2: 

 

1) In Sec. 2.7, the authors state to use a high-speed rotary tool for the craniectomy. I recommend the 

authors state what specific type of tool is used, and burr/rotary blade, to best ensure replication by others. 

No mention of the rotary tool is made in the Equipment/Supply list, and this should be listed there, as well. 

 

We appreciate the reviewer’s attention to detail regarding the rotary tool equipment. Specific details have been 

added to the equipment list and protocol regarding the manufacturer and model of the rotary tool. We also added 

details on the size of the burr bits used during craniectomy.  

 

2) The need for clarification of the type of cutting device is highlighted by the use of different terms such 

as "cutting" in 2.7.1.1 and "drilling" in 2.7.1.2. Are these different procedures, or just different terms for 

the same procedure and tool? 

 

We regret the inconsistency in terminology for performing craniectomy. The term “drilling” is now used 

consistently throughout the protocol. 

 

3) For post-surgical analgesia (2.10.2), is acetaminophen enough? Often buprenorphine or carprofen (or a 

combination of the two) is utilized. Is there a particular reason stronger analgesias are not used? 
 

Both peer reviewers make specific mention of our choice of postoperative analgesic. Acetaminophen suspension 

is the minimum mandatory postoperative analgesic required by the Uniformed Services University (USU) Animal 

Care and Use Committee and Center for Laboratory Animal Medicine veterinarians. The use of acetaminophen 

suspension is also standard operating procedure in the Preclinical Studies core facility of the USU Center for 

Neuroscience and Regenerative Medicine. The caveat with the use of acetaminophen, or NSAIDs in general, in 

central nervous system injury modeling is the attenuation of cyclooxygenase-dependent inflammatory signaling. 

Reactive gliosis, cell death, and cytokine expression could all be negatively regulated. Opiate analgesics, such 

as buprenorphine, may provide greater relief of postoperative pain at the cost of side effects such as sedation or 

euphoria. In the end, acetaminophen was chosen on the basis of providing pain relief while minimizing side effects 

that could interfere with graft survival or cause performance deficits in the adhesive removal behavior test. 

 

4) During the post-operative period, are there any physical manifestations of injury that should or could 

be monitored that may affect the status of the animal, e.g. hemorrhage following suture closure, worsening 

conditions and lack of expected recovery post-surgery? The "Representative Results" section mentions 



vascular damage and related problems can affect lesion size. Though some description is provided in 

Section 5.4.1, it is unclear how disrupted vascularization is identified, as the CCI damages the cortex, 

correct? Shouldn't all animals have some vascular disruption post-impact? Figure 2 shows apparent 

vascular disruption, (though the authors state this is normal vascularization) but it is not clear if this is due 

to the injection. Though the parameters for this impact are for producing mild TBI, I am sure producing 

consistent results with no vascular disruption is difficult, even if the meninges are left intact. Based on the 

apparent vascular disruption shown in Figure 2, if the damage is due to the injection, this should be 

mentioned in the Figure Legend. 

 

We observe animals daily for overall well-being and specifically for weight gain throughout the experiment. 

Inactivity, weight loss, ungroomed fur, and hunched posture are standard measures of postoperative distress 

under our IACUC guidelines.  Ictal-like repetitive myoclonic behaviors have been documented infrequently, and 

are cause for exclusion from studies.  

 We regret that the lack of detail regarding intact vascularization versus disruption and hemorrhage were 

troubling to the reviewer.  In our experience, widespread cortical vessel disruption and bleeding requiring 

extensive hemostasis are the clearest intraoperative indicators of negative surgical outcomes. Accidental tearing 

of the meninges during skull flap removal is one such cause of severe hemorrhage. Neurovascular complications 

can be qualitatively assessed when the animals undergo intraparenchymal cell transplantation on the day after 

craniectomy. We inspect the cortical surface for preservation of numerous cortical vessels, coloration suggesting 

adequate blood supply, and extent of edema. Extensive blood clotting within the craniectomy is a strong indication 

of excessive brain injury.  

 It is true that CCI injury will nearly always result in some ruptured cortical vessels. The most serious events 

are related to rupturing major vessels or the sagittal sinus. Occasionally, injury-induced cortical herniation can 

interrupt blood supply. These serious events were strongly correlated with severe cortical injury and/or 

cavitation. Isolated small-diameter vessel rupture after impact or after transplant needle penetration (as seen in 

Figure 2) did not correspond with negative outcomes. Nevertheless, as the reviewer requests, we have added a 

note to the Figure 2 legend that minor bleeding as shown is unlikely to indicate excessive injury. 

 

5) For the Discussion section, it would be helpful to talk about the limitations of performing consistent mild 

TBI and how it is defined in the literature. The authors' model is just one model, and other models and 

definitions exist, which adds to the difficulty of studying the effects of mild TBI and any treatment effects. 

 

We have added a discussion section comparing mild TBI animal models as the Reviewer suggests.  

 

6) Are there any potential risks associated with injection of a volume of cells in mildly damaged tissue (as 

shown in Figure 4)? Injection of the cells could cause tissue damage as a result of pressure and tissue 

displacement if a cavity is not present. Again, if this is a possible issue (or why it isn't) could be provided 

in the Discussion. 

 

It is true that rapid intraparenchymal injection can cause mechanical injury. The rate of injection described in 

the protocol, 0.2 microliters/minute, appears to be sufficiently slow to minimize injury due to volume 

displacement. We do not observe overt cell death (cavitation, pyknosis) or excessive reactive gliosis (GFAP, Iba1) 

as a result of injection in brain tissues collected within 7 days of surgery. 

 

Minor Concerns: 

7) In section 2) the idea of draping or isolating the surgical field should be highlighted. The eyes are exposed 

(even with ophthalmic ointment) and performing a craniectomy puts the animal at risk for debris in and 

on the eyes. Even if the video does not show it, mention of a drape and isolation of the field should be made, 

and that it has been excluded from the video for demonstration purposes. 
 

We have added an instruction to the craniectomy section regarding the use of a fenestrated surgical drape, as 

requested by the reviewer. 



 

8) In section 5.8.3, is there a specific reason why -1.4mm is chosen for the depth? A description here might 

be helpful (and a reference). 

 

The graft site parameters were chosen based on mouse brain atlas coordinates1 that centered the graft at the gray 

matter-white matter junction. We sought to place cell transplants deep to the injured cortex to test two central 

ideas. (1) Superficial injury could exert less negative impact on graft cell survival. (2) Graft cells could support 

injured overlying cortex through paracrine effects or replenishing damaged neurocircuitry.  

 

1 Paxinos, G. & Franklin, K. B. J. The mouse brain in stereotaxic coordinates. Compact 2nd edn,  (Elsevier 

Academic Press, 2004). 

 

9) For any of the functional assessments, are there any extremes that would cause the researcher to exclude 

an animal from a study? For instance, if the lesion was too severe, even though initially it was determined 

to be within the range of consistent injury, is there a cutoff score for the assessments that an animal should 

not reach during the first testing period (basically the animal performs too well)? This may only be 

identified after all assessments are completed, as a researcher doing the assessments should be blinded. 

However, such information is helpful and could be put in the "Representative Results" or appropriate 

Discussion section for the test. 

 

The only extremes in motor behavior we have observed in several iterations of this protocol have been repetitive 

myoclonic movements suggesting seizure-like activity. These mice were excluded from behavioral studies. Indeed, 

after euthanasia these mice were shown to have severe cortical lesions. On the other hand, several other mice 

which were later revealed to have severe cortical lesions did not show seizure-like activity and were able to 

remove adhesive strips from both forepaws. Behavior assessment has proven to be a less reliable metric of 

unintended excessive brain injury than intraoperative evaluation of intact cortical vasculature in this mild CCI 

model. Please refer to Reviewer 2 comment 4 above for commentary on evaluating cortical vasculature 

preservation. 

 

 

 

 

 

 



Responses to Editor’s comments on JoVE manuscript 59561, Furmanski et al. 
 

We greatly appreciate the Editor’s attention to detail on our manuscript. Here, we summarize the Editor’s 

margin comments on the previous draft text using green highlights.  Our responses, and changes to be 

found in the newly revised draft, appear below in italics. 

 

(Line 2)  

Controlled Cortical Impact Model of Mouse Brain Injury with Therapeutic Transplantation of Human 

Induced Pluripotent Stem Cell-Derived Neural Cells 

Ed. - How is the transplantation of hiPSC therapeutic?  
 

Please see below for the response to the following Editorial comment. 

 

(Line 44)  

INTRODUCTION:  

Ed. - Introduction doesn’t contain any details about the hiPSC transplantation and its significance. Please 
bring out the goal of the protocol very clearly.  
 

We regret the lack of clarity regarding the nature of the transplanted cells in this protocol. We have added 

a citation regarding hiPSC technology. We have also added a passage to the introduction that ties together 

existing literature on neural cell therapy for CNS injury and this laboratory’s efforts to develop hiPSCs for 

therapeutic transplantation after experimental brain injury. 

 

(Line 80) 

This protocol outlines a complete workflow for performing an experimental brain injury, therapeutic 

transplantation of cultured cells, and behavioral and histologic analysis of experimental outcome 

measures. 

 

Ed. - Significance of the same? 

 

As stated above, we have added additional information regarding hiPSCs their potential to aid recovery 

from brain injury. 

 

(Line 84) 

PROTOCOL:  

Ed. - Presently the highlight is more than 2.75 pages including headings and spacings. Please consider 
combining small steps into one so that there are 2-3 actions per step.  Also please ensure that the 
highlights form a cohesive story. I have highlighted some additional steps for clarity.  
 

We have taken the Editor’s suggestion to condense multi-part steps to economize on space. We appreciate 

the cues given by the Editor to make the highlighted sections flow as a distinct narrative. The highlighted 

sections have been extensively revised to conform to 2.75 pages with 12 point font and 1-inch margins.  

 

Rebuttal Letter to Editor comments Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Response letter to 2nd Editor comments on

https://www.editorialmanager.com/jove/download.aspx?id=978636&guid=eb81d0b0-23ca-4522-ba05-de0b2689df53&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=978636&guid=eb81d0b0-23ca-4522-ba05-de0b2689df53&scheme=1


(Line 174-175) 

1.4. Lavage with saline and suture the scalp incision using simple interrupted stiches.   

 

Ed. - What is the volume used?  What kind of suture is used? 

 

No specific volume is used when rinsing the surgery site. Wording has been changed to “as needed”, and 

our suture material is now specified. 

 

(Line 220) 

2.4.2. Prepare cell cultures in advance according to standard conditions defined for the cell type.  

 

Ed. – Citation? 

 

We have added a citation that readers may refer to for our specific cell type.  

 

(Line 241) 

2.4.5.3. Allot ~5 x 105 cells per mouse if performing multiple cell transplantation procedures in a day. 

 

Ed. - In what volume? 

 

Step 2.4.4. specifies that the cells must be diluted to 5 x 104 cells/µL.  We have clarified that 10 microliters 

of suspension should be allotted per mouse. 

 

(Line 433) 

4.1. Collect sections of formaldehyde-fixed tissues using standard methods. 

 

Ed. - Before this step, please include how euthanasia step is performed. After how many days was this 

was performed. Then move on to the collection of tissues and then sectioning. 

 

We have added a detailed protocol for euthanasia, transcardiac perfusion fixation, and tissue collection 

as requested by the Editor.  

 

(Line 440) 

4.3. Perform antibody labeling by standard methods.  

 

Ed. - Citation? Or provide the concentration, time and temperature for secondary antibody incubation 

 

The text now refers to a paper from this laboratory which describes antibody labeling methodology after 

CCI in mice. Incubation time, temperature, and antibody dilution have been added as requested by the 

Editor. 

 

(Line 448) 

4.3.1.1. Use a mouse IgG neutralization kit (see Table of Materials) to reduce cross-reactivity with 

endogenous antibodies. 



Ed. - How do you perform the blocking? For how long?  
 

We have changed the wording to avoid using the manufacturer terminology for the mouse IgG 

neutralization kit. The manufacturer includes directions for using the kit, which we followed verbatim. The 

IgG neutralization process adds several additional incubation steps that we felt were sufficiently described 

in the manufacturer’s protocol.  

 

(Line 451) 

4.3.2. Perform a horseradish peroxidase (HRP) labeling step using secondary or tertiary conjugate method 

of choice. 

Ed. - Citation? Or provide the concentration, time and temperature for secondary antibody incubation. 
 

We have added details regarding the secondary antibody incubation conditions requested by the Editor. 

 

(Line 454) 

4.3.3. Perform DAB-peroxide reaction by standard methods to reveal immunolabeling. 

Ed. - For how long?  
 
We have added detail to describe a 5 to 10 minute time window which should give satisfactory DAB color 
development. 
 
(Line 458) 

4.5. Quantify numbers of labeled cells using method of choice.   

Ed. - E.g method? Citation if any?  
 

We have specified the use of the unbiased stereology method of quantification. Two relevant citations 

have been provided, and parameters unique to our analysis have been specified. 

  

(Line 462) 

Craniectomy surgery facilitates experimental brain injury and therapeutic cell transplantation 

 

Ed. - What was the control in this case? 

 

Craniectomy without CCI injury (sham) controls for mild injury which may occur due to surgery alone. This 

system is designed to show influences of host brain injury severity on graft survival. Step 5 under Section 

1 explains the procedures to omit when performing sham controls.  

 

(Lines 466 to 474) 

5 mm diameter craniectomy schematics to uncover primary somatosensory and motor cortices (Figure 

1A). At 24 h after craniectomy, a second surgery is performed to inject human iPSC-derived neural cell 

suspension into deep layers of the cortex (Figure 1B). Some cerebral edema is normal on the first day 

following craniectomy, and particularly after CCI.  However, cerebral vasculature sparing during all phases 

of this procedure is crucial for survival of the cortex. Disruption of cortical blood vessels is likely to result 



in excessive lesioning of the cortex and is grounds for excluding the animal from the experiment. Figure 2 

illustrates the cell transplantation procedure in a mouse with minimal cerebral herniation and extensive 

cortical vascularization. These features are good prognostic indicators of a successful surgery. 

Ed. - Please include a table to show what was observed after the first surgery and second surgery. Please 
also include any complications if any. Also include the number of mice undergoing this surgery protocol.  
 

We address several potential surgical complications in the “Mild CCI…” section of the Discussion. However, 

for clarity we have moved the passage on “Disruption of cortical blood vessels” in the section above to its 

more appropriate place in the “Mild CCI” Discussion. 

 

This Representative Results section is intended to be illustrative only. We are describing general details 

about the surgeries. Specific numbers of mice are now included for the experimental results depicted in 

Figures 3 and 4, as requested by the Editor in subsequent comments. 

 

(Lines 483 to 484)  

Behavior tests in this study were performed on postoperative days 1, 3, 5, 7, 10, 14, 21, 28, 35, and 42. 

Figure 3 shows results from a pilot experiment in which forelimb function in mice with craniectomy alone 

(sham) and with CCI injury were compared to forelimb function in naïve mice. 

 

Ed. – How many mice per group?  What is the difference between the two? Please bring out this clarity in 
the protocol section. Also, what happens when you perform the hiPSC transplantation?  Do you perform 
any behavioral studies on transplanted mice? Please also include the details in the discussion section.  
Point out where the distinction between craniectomy control and CCI is indicated. Also point out that in 
these pilot studies, engrafted animals had not been enrolled in behavior testing studies.  
 
Sample size n = 12 has been specified as requested by the Editor. 
 
Step 5 under Section 1 describes the difference between craniectomy/sham control and CCI. We use 
“sham” as a shorthand term for craniectomy-only controls. 
 
We have performed follow-up experiments which combined all of the methodologies in the pilots 
presented here. Behavior testing was performed for 56 days after surgery, and tissues were collected for 
histologic analysis. Further analysis is ongoing, but preliminary data show persistence of transplanted cells 
after 8 weeks. We have moved the brief mention of this graft survival observation from the second 
paragraph of the “Mild CCI” Discussion to “Refinement to DAB” Discussion. We also have added a 
statement that these experiments do not combine behavior testing with cell transplantation, but that 
ongoing studies in our laboratory will do so. 
 
(Line 498) 

Transplants of each of the three neural cell phenotypes were tested in our CCI model of traumatic brain 

injury using the procedure described above and depicted in Figure 2. The mice were euthanized for 

histologic analysis at 7 days after transplantation.  

Ed. - Again need a number of mice in this case.  
 



Numbers of mice for all 6 experimental groups (3 transplants x 2 surgery conditions) have been included 

as requested by the Editor. 

 

(Line 500) 

Human cell grafts could be clearly distinguished from host tissue in sham surgery and CCI brains (Figure 

4).  

 

Ed. - Again please bring out clarity with respect to sham and CCI. 

 

Step 5 under section 1 was revised to more clearly describe the methodologic difference between sham 

and CCI surgeries. 

 

(Line 500 to 502) 

Astrocyte grafts showed poor survival compared to NSCs and neurons and were not considered for future 

experiments. 

 

Ed. - How do you differentiate between Astrocyte, neuron and NSC in the histological section of the brain? 

 

The cell types were not concealed at the time of transplantation – only the injury group enrollment 

(craniectomy/sham vs. CCI) is blinded. 

 

(Line 522) 

Figure 3: Behavioral evaluation of sensorimotor integration after brain injury. 

 

Ed. - Please include what does error bar represent. How many mice per group? 

 

Error bars refer to Standard Error of the Mean (SEM). Error bars and group mean data are now clarified in 

the text. The number of animals in each experimental group has been updated. 

 

(Line 534) 

Figure 4: DAB immunohistochemistry for human cell grafts in mouse brains. 

 

Ed. – Please include scale bars in the figure. 

 

A 1000 micron scale bar is now included in a revised Figure 4 as requested by the Editor. 

 

(Line 553 to 555) 

Neither edema nor small cortical vessel rupture are necessarily negative indicators. Hematomas and 

abnormal coloration due to ischemia are clearer indicators of surgical complication. Documenting 

intraoperative events and correlating complications with histopathologic outcomes are crucial to refining 

good craniectomy technique. 

 

Ed. – Citation? 

 



This description is based on personal observations and informal discussions with our colleagues over 2 

years while performing these surgeries.  

 

(Line 603 to 604) 

Pretreatment with hydrogen peroxide is crucial for reducing non-specific staining in brain tissue due to 

endogenous peroxidases in erythrocytes. Non-specific staining in these experiments was further reduced 

using the Vector Laboratories Mouse On Mouse (MOM) pretreatment a mouse IgG neutralization kit (refer 

to Table of Materials).  

 

Ed. - Please remove the commercial name from the manuscript and use a generic term instead. 

 

We have changed the wording in the passage to a more general description of the antibody neutralizing 

kit.  

 

(Line 614 to 616) 

Although not a radical departure from established methods, this protocol could be useful for other 

preclinical studies of human cells transplanted into the mouse central nervous system.  

Ed. - This needs more discussion.   
 

We are unsure what the Editor desires in terms of extended discussion. We have removed the statement 

shown above in strike-through font, as it is confusing and does not contribute value to the text. 


