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An approach is here presented for long-term intravital imaging using optically clear, silicone 44 

windows that can be glued directly to the tissue/organ of interest and the skin. These windows 45 

are cheaper and more versatile than others currently used in the field, and the surgical insertion 46 

causes limited inflammation and distress to the animals. 47 

 48 

ABSTRACT:  49 

Intravital microscopy (IVM) enables visualization of cell movement, division, and death at single-50 

cell resolution. IVM through surgically inserted imaging windows is particularly powerful because 51 

it allows longitudinal observation of the same tissue over days to weeks. Typical imaging windows 52 

comprise a glass coverslip in a biocompatible metal frame sutured to the mouse’s skin. These 53 

windows can interfere with the free movement of the mice, elicit a strong inflammatory 54 

response, and fail due to broken glass or torn sutures, any of which may necessitate euthanasia. 55 

To address these issues, windows for long-term abdominal organ and mammary gland imaging  56 

were developed from a thin film of polydimethylsiloxane (PDMS), an optically clear silicone 57 

polymer previously used for cranial imaging windows. These windows can be glued directly to 58 

the tissues, reducing the time needed for insertion. PDMS is flexible, contributing to its durability 59 

in mice overtime—up to 35 days have been tested. Longitudinal imaging is imaging of the same 60 

tissue region during separate sessions. A stainless-steel grid was embedded within the windows 61 

to localize the same region, allowing the visualization of dynamic processes (like mammary gland 62 

involution) at the same locations, days apart. This silicone window also allowed monitoring of 63 

single disseminated cancer cells developing into micro-metastases over time. The silicone 64 

windows used in this study are simpler to insert than metal-framed glass windows and cause 65 

limited inflammation of the imaged tissues. Moreover, embedded grids allow for straightforward 66 

tracking of the same tissue region in repeated imaging sessions.  67 

 68 

INTRODUCTION:  69 

Intravital microscopy (IVM), the imaging of tissues in anesthetized animals, offers insights into 70 

the dynamics of physiological and pathological events at cellular resolution in intact tissues. The 71 

applications of this technique vary widely, but IVM has been instrumental in the cancer biology 72 

field to help elucidate how cancer cells invade tissues and metastasize, interact with the 73 

surrounding microenvironment, and respond to drugs1–3. In addition, IVM has been key to 74 

advancing the understanding of the complex mechanisms governing immune responses by 75 

providing insights complementary to ex vivo profiling approaches (e.g., flow cytometry). For 76 

instance, intravital imaging experiments have revealed details about immune functions as they 77 

relate to cell migration and cell-cell contacts and have offered a platform to quantitate 78 

spatiotemporal dynamics in response to injury or infection4–7. Many of these processes can also 79 

be studied through histological staining, but only IVM allows the tracking of dynamic changes. In 80 

fact, whereas a histological section offers a snapshot of the tissue at a given time, intravital 81 

imaging can track intercellular and subcellular events within the same tissue over time. In 82 

particular, progress in fluorescence labeling and the development of molecular reporters have 83 

allowed molecular events to be correlated with cellular behaviors, such as proliferation, death, 84 

motility, and interaction with other cells or the extracellular matrix. Most IVM techniques are 85 

based on fluorescence microscopy, which due to light scattering, makes imaging deeper tissues 86 

challenging. The tissue of interest, therefore, often needs to be surgically exposed with an often 87 



   

invasive and terminal procedure. Thus, depending on the organ site, the tissue can be imaged 88 

continuously for a period varying from a few to 40 h8. Alternatively, the surgical insertion of a 89 

permanent imaging window permits the imaging of the same tissue sequentially over a period of 90 

days to weeks7,9. 91 

 92 

The development of new imaging windows has been highlighted as a technological need to 93 

further improve intravital imaging approaches10. The prototypical intravital imaging window is a 94 

metal ring containing a glass coverslip secured to the skin with sutures11. Interference with free 95 

movement, the accumulation of exudate, and damage to the glass coverslip are common 96 

problems seen with using such windows. Moreover, the prototypical window requires specialized 97 

production, and the surgical procedure can require extensive training. To address these issues, 98 

polydimethylsiloxane (PDMS), a silicone polymer, which has previously been used in cranial 99 

windows for long-term imaging in the brain12, was adapted for use in abdominal organ and 100 

mammary gland imaging. Here, a detailed method for generating PDMS-based silicone windows 101 

is presented, including how to cast the window around a stainless-steel grid to provide landmarks 102 

for repeated imaging of the same tissue regions. Furthermore, a simple, stitch-free surgical 103 

procedure for inserting the window over abdominal organs or the mammary gland is described. 104 

This new approach overcomes some of the most common issues with currently used imaging 105 

windows and increases the accessibility of longitudinal intravital imaging. 106 

 107 

PROTOCOL:  108 

 109 

All procedures described were performed in accordance with guidelines and regulations for the 110 

use of vertebrate animals, including prior approval by the CSHL Institutional Animal Care and Use 111 

Committee.  112 

 113 

1. Casting the silicone window  114 

 115 

1.1 Prepare the silicone polymer (PDMS) by mixing the base elastomer and curing agent in a 10:1 116 

(v/v) ratio.  117 

 118 

1.2 Cast a window by depositing a small quantity of PDMS on a sterile, smooth surface and adjust 119 

the volume-to-area ratio to the desired thickness.  120 

 121 

NOTE: Using 200 mg of polymer solution for a 22 mm diameter circle on the lid of a 24 well-plate 122 

lid results in a good compromise between window sturdiness and optical clarity. 123 

 124 

1.3 Optional: To provide landmarks for repeated imaging of the same tissue regions, lightly press 125 

a stainless-steel grid into the silicone after the PDMS is on the desired casting surface.  126 

 127 

1.4 To remove air bubbles, place the coated surface in a vacuum desiccator for 45 min to degas 128 

the polymer.  129 

 130 

1.5 Cure the silicone windows in an oven at 80 °C for 45 min.  131 



   

 132 

1.6 Score the polymer at the edges of the mold and gently peel the cured windows from the 133 

surface used for casting with forceps.  134 

 135 

1.7 Before surgery, sterilize the windows by autoclaving.  136 

 137 

NOTE: Sterilizing the windows in 70% ethanol for 15 min instead of autoclaving does not cause 138 

visible changes in the clarity of the windows. However, ethanol sterilized windows were not 139 

tested in mice. 140 

 141 

2. Preparing the mouse for insertion of the silicone window  142 

 143 

2.1 Anesthetize the mouse in an induction chamber using 4% (v/v) isoflurane. Move the mouse 144 

to a warming pad on the surgical table, place the mouse in the anesthesia nose mask, and lower 145 

the isoflurane concentration to 2% for maintenance throughout the surgery.  146 

 147 

2.2 Check the depth of anesthesia by pinching the toes of the hind limbs. Do not proceed until 148 

the mouse is inactive and does not show toe pinch reflex response. 149 

 150 

2.3 Apply ophthalmic lubricant to the eyes to keep them from drying and preventing trauma.  151 

 152 

2.4 Administer pre-emptive analgesia (buprenorphine 0.05 mg/kg) subcutaneously.  153 

 154 

2.5 Shave the surgical site and completely remove the hair with a hair removal cream.  155 

 156 

2.6 Apply povidone-iodine solution (10% v/v) and ethanol (70% v/v) consecutively 3x to prevent 157 

the surgical site infection.  158 

 159 

3. Inserting a ventral window for imaging in the liver; adaptable for other abdominal organs 160 

(Figure 1)  161 

 162 

3.1 Place the mouse in the supine position. 163 

 164 

3.2 Make a 10 mm incision starting 3 mm down from the xiphoid process using sterile scissors 165 

and forceps.  166 

 167 

3.3 Remove a 1–1.5 cm2 section of skin along the midline.  168 

 169 

3.4 Use a second pair of sterile scissors and forceps to remove a section of the peritoneum slightly 170 

smaller than the section of skin. 171 

 172 

3.5 Optional: To visualize a larger portion of the liver, use cotton swabs moistened with sterile 173 

saline to push the liver down from the diaphragm revealing the falciform ligament connecting 174 

the liver to the diaphragm. Sever the ligament taking care not to cut the inferior vena cava.  175 



   

 176 

3.6 Withdraw surgical adhesive with a 31 G syringe, apply a small quantity of it on the surface of 177 

the liver around the edges of the area to be imaged. This adhesive creates a circular seal, leaving 178 

the center area intact for imaging.  179 

 180 

CAUTION: Limit the adhesive to small droplets forming a circular pattern around the imaging 181 

area. Tissue immediately in contact with the adhesive cannot be imaged. It is not necessary to 182 

dry the tissue before applying the adhesive. 183 

 184 

NOTE: Any cyanoacrylate-based adhesives can be used successfully for this procedure. Surgical 185 

adhesive ensures sterility. For terminal procedures, all-purpose super glues yield good results. 186 

 187 

3.7 Position the window using forceps and hold it firmly against the liver until the adhesive has 188 

dried (~2 min).  189 

 190 

3.8 Fold the edges of the window under the peritoneum.  191 

 192 

3.9 With a syringe, deposit a small quantity of surgical adhesive on the edges of the window that 193 

are now under the peritoneum. Push down on the peritoneum with forceps to secure it to the 194 

window. 195 

 196 

3.10 Similarly, deposit a small quantity of surgical adhesive on the peritoneum and push it down 197 

on the skin with forceps to seal them. 198 

 199 

NOTE: If performed correctly, a circular area of liver tissue should now be visible through the 200 

window.  201 

 202 

3.11 Apply glue around the edges of the window to create a rim that will help prevent the skin 203 

from growing back over the window.  204 

 205 

CAUTION: If the procedure is carried out using sterile surgical techniques and the window is 206 

sterilized before insertion, sealing the wound with surgical adhesive is sufficient to avoid 207 

infections. However, failure to follow proper aseptic techniques during surgical insertion or 208 

imperfect closure can lead to overt or subclinical infection and drying out of the tissue.  209 

 210 

4. Inserting a lateral window for imaging in the liver; compatible with the concurrent injection 211 

of cancer cells in the portal vein (Figure 2) 212 

 213 

4.1 Place the mouse on the left lateral decubitus position 214 

 215 

4.2 Make a 10 mm incision on the right flank 3 mm below the costal arch using sterile scissors 216 

and forceps.  217 

 218 

4.3 Remove a 1 cm2 section of skin.  219 



   

 220 

4.4 Use a second pair of sterile scissors and forceps to remove a section of the peritoneum slightly 221 

smaller than the section of skin. 222 

 223 

4.5 Withdraw surgical adhesive with a 31 G syringe, apply a small quantity of it on the surface of 224 

the liver around the edges of the area to be imaged.  225 

 226 

CAUTION: Limit the adhesive to small droplets forming a circular pattern around the imaging 227 

area. Tissue immediately in contact with the adhesive cannot be imaged.  228 

 229 

NOTE: Any cyanoacrylate-based adhesives can be used successfully for this procedure. Surgical 230 

adhesive ensures sterility. For terminal procedures, all-purpose super glues yield good results. 231 

 232 

4.6 Position the window using forceps and hold it firmly against the liver until the adhesive has 233 

dried (~2 min).  234 

 235 

4.7 Fold the edges of the window under the peritoneum.  236 

 237 

4.8 With a syringe, deposit a small quantity of surgical adhesive on the edges of the window that 238 

are now under the peritoneum. Push down on the peritoneum with forceps to secure it to the 239 

window. 240 

 241 

4.9 Similarly, deposit a small quantity of surgical adhesive on the peritoneum and push it down 242 

on the skin with forceps to seal them. 243 

 244 

NOTE: If performed correctly, a circular area of liver tissue should now be visible through the 245 

window.  246 

 247 

4.10 Apply glue around the edges of the window to create a rim that will help prevent the skin 248 

from growing back over the window.  249 

 250 

4.11. If a portal vein injection is required: 251 

 252 

4.11.1 Place the mouse in the supine position. 253 

 254 

4.11.2 Make a 10 mm incision starting down from the xiphoid process in the skin. 255 

 256 

4.11.3 Using a second pair of sterile scissors and forceps, make a 10 mm incision in the 257 

peritoneum.  258 

 259 

4.11.4 Dip two cotton swabs in sterile saline. 260 

 261 

4.11.5 Use the cotton swabs to gently pull the intestine onto sterile gauze moistened with sterile 262 

saline, taking care not to twist or otherwise upset the orientation. 263 



   

 264 

4.11.6 Keep displacing the intestine from the abdominal cavity until the portal vein is visible on 265 

the right side of the abdomen.  266 

 267 

4.11.7 Insert a 31–33 G needle 5–7 mm caudal to the point of entry of the portal vein into the 268 

liver, making sure to proceed within the blood vessel and not through it.  269 

 270 

4.11.8 Slowly inject the cancer cells (resuspended in 100 μL of sterile PBS).  271 

 272 

NOTE: For this experiment amurine pancreatic cancer cell line (e.g., KPC-BL/6-1199) can be 273 

cultured in complete DMEM media and 1 x 105 cells injected in 100 μL of sterile PBS.  274 

 275 

4.11.9 To prevent bleeding, immediately after withdrawing the needle, apply gentle pressure on 276 

the injection site with a small piece of surgical sponge for 1–2 min.  277 

 278 

4.11.10 After the pressure is released, monitor the site for 1–2 min to ensure hemostasis.  279 

 280 

4.11.11 Using moistened cotton swabs, return the intestine into the abdominal cavity following 281 

the physiological orientation of the organ.  282 

 283 

4.11.12 Using sterile forceps, insert the window immediately under the peritoneum, on the left 284 

side of the abdominal cavity of the mouse.  285 

 286 

4.11.13 Suture with 4-0 silk sutures and staple the midline incision with 7 mm stainless steel 287 

wound clips. 288 

 289 

4.11.14 Move the mouse to the left lateral decubitus position 290 

 291 

4.11.15 Make a 10 mm incision on the right flank 3 mm under the costal arch through the skin 292 

using sterile scissors and forceps.  293 

 294 

4.11.16 Remove a 1 cm2 section of skin around the incision.  295 

 296 

4.11.17 Use a second pair of sterile scissors and forceps to remove a section of the peritoneum 297 

slightly smaller than the section of skin. 298 

 299 

4.11.18 Pull the window into place over the liver before gluing it in place, as described under 300 

steps 4.8–4.10.  301 

 302 

5. Inserting the window for imaging in the pancreas (Figure 3)  303 

 304 

5.1 Place the mouse on the right lateral decubitus position. 305 

 306 



   

5.2 Make a 10 mm incision on the left flank 3 mm below the costal arch using sterile scissors and 307 

forceps.  308 

 309 

5.3 Remove a 1 cm2 section of skin around the incision.  310 

 311 

5.4 Use a second pair of sterile scissors and forceps to remove a section of the peritoneum slightly 312 

smaller than the section of skin. 313 

 314 

5.5 Using sterile cotton swabs soaked with sterile saline, gently pull on the spleen to visualize the 315 

pancreas. Proceed to reposition the pancreas with the moistened cotton swabs to make more 316 

surface area visible through the incision.  317 

 318 

NOTE: At this point, pancreatic cancer cells can be orthotopically injected into the pancreas if it 319 

is a part of the experimental design.  320 

 321 

5.6 Withdraw surgical adhesive with a 31 G syringe, apply a small quantity of it on the surface of 322 

the pancreas around the edges of the area to be imaged.  323 

 324 

CAUTION: Limit the adhesive to small droplets forming a circular pattern around the imaging 325 

area. Tissue immediately in contact with the adhesive cannot be imaged.  326 

 327 

5.7 Position the window using forceps and hold it firmly against the pancreas until the adhesive 328 

has dried (~2 min).  329 

 330 

5.8 Fold the edges of the window under the peritoneum.  331 

 332 

5.9 With a syringe, deposit a small quantity of surgical adhesive on the edges of the window that 333 

are now under the peritoneum. Push down on the peritoneum with forceps to secure it to the 334 

window. 335 

 336 

5.10 Similarly, deposit a small quantity of surgical adhesive on the peritoneum and push it down 337 

on the skin with forceps to seal them. 338 

 339 

NOTE: If performed correctly, a circular area of pancreas tissue should now be visible through 340 

the window.  341 

 342 

5.11 Apply glue around the edges of the window to create a rim that will help prevent the skin 343 

from growing back over the window.  344 

 345 

6. Inserting the window for imaging in the mammary gland (Figure 4) 346 

 347 

6.1 Place the mouse on the supine position. 348 

 349 

6.2 Make a 10 mm incision medial to one of the inguinal nipples using sterile scissors and forceps.  350 



   

 351 

6.3 Remove a 0.5 cm2 section of skin above the mammary gland.  352 

 353 

6.4 Use a second pair of sterile scissors to carefully separate the mammary gland from the skin 354 

by spreading the scissors between the two surfaces to disrupt adherence.  355 

 356 

NOTE: To facilitate imaging of the inguinal mammary gland area, be careful to dissect a portion 357 

of skin above the mammary gland but superior to the hind leg, so the window does not limit the 358 

mobility of the mouse.  359 

 360 

6.5 Withdraw surgical adhesive with a 31 G syringe, apply a small quantity of it on the surface of 361 

the mammary gland around the edges of the area to be imaged.  362 

 363 

CAUTION: Limit the adhesive to small droplets forming a circular pattern around the imaging 364 

area. Tissue immediately in contact with the adhesive cannot be imaged.  365 

 366 

6.6 Position the window using forceps and hold it firmly against the mammary gland until the 367 

adhesive has dried (~2 min).  368 

 369 

NOTE: A circular area of mammary gland tissue should now be visible through the window if 370 

performed correctly.  371 

 372 

6.7 Fold the edges of the window under the skin.  373 

 374 

6.8 With a syringe, deposit a small quantity of surgical adhesive on the edges of the window that 375 

are now under the skin. Push down on the skin with forceps to secure the skin to the window. 376 

 377 

6.9 Apply glue around the edges of the window to create a rim that will help prevent the skin 378 

from growing back over the window.  379 

 380 

7. Post-surgical recovery  381 

 382 

7.1 Place the mouse in a clean recovery cage with ample nesting material, ensuring that part of 383 

the cage is resting on a heating pad.  384 

 385 

7.2 Monitor the mouse continuously until it is conscious and mobile.  386 

 387 

7.3 If needed, provide an additional dose of analgesic 12 h after the pre-emptive dose.  388 

 389 

NOTE: Additional analgesia is generally unnecessary, but consult with a veterinarian if the mouse 390 

shows signs of distress (such as hunched back, unkempt fur, or lost interest in food). Monitor the 391 

mouse daily for the first 3 days after surgery for signs of infection or other adverse effects. Less 392 

than 2% of mice require veterinary attention or euthanasia, typically due to partial detachment 393 

of the window. It is important to note that for male mice with ventral liver imaging windows, 394 



   

fighting between mice can result in detachment of windows. This is avoided by housing the mice 395 

separately.  396 

 397 

8. Imaging through the window  398 

 399 

8.1 Anesthetize the mouse in an induction chamber using 4% (v/v) isoflurane.  400 

 401 

8.2 Apply ophthalmic lubricant to the eyes to keep them from drying and preventing trauma. 402 

 403 

8.3 Move the mouse from the induction chamber to the microscope stage. Place the mouse in 404 

the anesthesia nose mask, and lower the isoflurane concentration to approximately 1–1.5% for 405 

maintenance anesthesia throughout the imaging procedure.  406 

 407 

8.4 Place a pressure pad sensor below the mouse to monitor breath rate and fix the mouse to 408 

the stage using soft surgical tape.  409 

 410 

8.5 Insert a rectal thermometer to monitor body temperature throughout the imaging session.  411 

 412 

8.6 Turn on the heated pad, monitoring the mouse closely to ensure that body temperature does 413 

not exceed 37 °C.   414 

 415 

8.7 Utilize software to monitor the breath rate of the mouse. The optimal rate is ~1 416 

breath/second. Adjust anesthesia as required. 417 

 418 

8.8 Before each imaging session, clean the window from any residual lens immersion medium 419 

and debris by gently wiping it with a cotton swab dipped in 70% ethanol (v/v). 420 

 421 

8.9 When utilizing a water immersion lens, apply ultrasound gel to the window, avoiding bubbles.  422 

 423 

NOTE: Distilled water can also be used but might require reapplication during imaging. 424 

 425 

8.10 To find the optimal depth for imaging, first, locate the grid and place it in focus.  426 

 427 

8.11 Determine the approximate tissue imaging depth by setting the bottom of the grid to 0. This 428 

information is necessary to locate the corresponding z plane in subsequent imaging sessions.  429 

 430 

8.12 To identify the same location over multiple imaging sessions, utilize the squares on the grid 431 

as a reference point. During imaging, note the orientation of the grid and location within the grid 432 

of each field of view imaged (e.g., 2nd row from the top, 4th square from the left).  433 

 434 

8.13 During successive imaging sessions, use the grid to navigate back to specific grid areas - and 435 

thus imaging fields.  436 

 437 

8.14 Following each imaging session, remove any residual lens immersion medium and debris by 438 



   

gently wiping the window with a cotton swab dipped in 70% ethanol (v/v). 439 

 440 

REPRESENTATIVE RESULTS:  441 

Intravital imaging through imaging windows can be used to observe, track, and quantify a wide 442 

array of cellular and molecular events at single-cell resolution over a period of hours to weeks. 443 

Ideal features for an imaging window include: a) limited impact on the well-being of the mouse 444 

and the physiology of the tissue; b) durability; c) simplicity of insertion; and d) clear landmarks 445 

for repeated imaging of the same region. The result is a versatile, inert silicone window that is 446 

easily produced and inserted and that can be outfitted with a grid to locate the same field of view 447 

over the span of several imaging sessions.  448 

 449 

The window is made of PDMS, which is an inexpensive, flexible, and clear material. Windows can 450 

be cast with supplies that are widely available for purchase for most laboratories. For these 451 

purposes, the circular molds (22 mm diameter) that are already etched on the lid of commercially 452 

available 24 well-plates work well. By varying the amount of polymer used per unit area, it is 453 

possible to adjust the thickness of the window. To document the effect of thickness of the 454 

window on imaging resolution, a point spread function (PSF) analysis of 40 nm fluorescent 455 

microspheres was conducted to compare the imaging through PDMS windows of varying 456 

thicknesses to glass coverslips typically used for intravital imaging windows (0.17 mm thick). To 457 

replicate the set up used for intravital imaging, the PSF imaging was performed using the same 458 

two-photon microscope and water immersion lens with ultrasound gel applied as an immersion 459 

medium.  460 

 461 

The Full Width at Half Maximum (FWHM) of the signal intensity calculated via the fit of the PSF 462 

in the lateral planes was comparable to that of glass for PDMS windows cast with 100 mg of 463 

PDMS (Figure 5A,B). The lateral resolution compared to glass coverslips was reduced for windows 464 

cast with 150–250 mg of PDMS (Figure 5A,B). In the z-axis image plane, PDMS windows cast with 465 

100–200 mg of polymer performed better than glass coverslips (Figure 5C). Optical clarity was 466 

lost in windows cast with 300 mg of PDMS, making the measurements unreliable (Figures 5A–C). 467 

The X/Y ratio of the FWHM values did not significantly differ between glass and PDMS of any 468 

thickness, although the ratio for windows cast with 200–250 mg of polymer notably deviated 469 

from 1 using ultrasound gel as the immersion medium (Figure 5D). However, when using water 470 

as an immersion medium for the window cast with 200 mg, the deviation from symmetry was 471 

much less pronounced. At this thickness, deviations due to aberrations in the polymer are 472 

therefore likely minor. Peak fluorescence intensity values were also collected for each bead and 473 

showed that glass and PDMS performed comparably, although the highest signal was recorded 474 

through glass (Figure 5I). The optimal thickness of the PDMS window will depend on specific 475 

applications and imaging systems. For most purposes, 200 mg of polymer solution for a 22 mm 476 

diameter circular window is an optimal compromise between window sturdiness and optical 477 

clarity. Indeed, windows cast with less than 200 mg were more optically clear, with FWHM values 478 

similar to glass, but occasionally tore during surgical implantation, while no instances of window 479 

damage were observed using 200 mg (in >100 mice).  480 

 481 



   

To measure these difference in material properties, PDMS windows (200 mg and 150 mg) were 482 

loaded into a servohydraulic material testing machine under a load control profile of 1N/s until 483 

material failure (Figure 5J). Force and displacement values were measured at a frequency of 100 484 

Hz. The force-displacement data was then converted to stress-strain using the equations:  485 

 486 

𝜎 = 𝐹/𝐴  (1) 487 

 488 

𝜀 = Δ𝐿/𝐿0  (2) 489 

 490 

Where σ is stress (Pa), F is force (N), A is the cross-sectional area of the window, Ɛ is strain, ΔL is 491 

the displacement, and L0 is the thickness of the window. The toughness of the material was 492 

determined by calculating the summation area under the stress-strain curve. The toughness of a 493 

material refers to its ability to deform plastically and absorb energy in the process before fracture 494 

– a key property for implanted windows13. In agreement with observations during imaging 495 

experiments, windows cast with 200 mg of PDMS have significantly greater toughness than 496 

windows cast with 150 mg (Figure 5K) and are therefore less prone to breaking. 497 

 498 

Next, Young’s Modulus (E) of the preferred PDMS windows cast with 200 mg was determined 499 

and compared to that of standard glass coverslips by extracting the linear region of the stress-500 

strain curve and determining the slope using Hooke’s law: 501 

 502 

𝜎 = 𝐸𝜀  (3) 503 

 504 

Young’s modulus of the glass windows was significantly greater than PDMS, which was expected 505 

because glass is much more rigid in material strength than PDMS (Figure 5L). Thus, although glass 506 

is a stronger material based on its greater Young’s modulus, the greater toughness of the 200 mg 507 

PDMS windows supports that they can be applied for longer periods without risk of breaking and 508 

necessitating a second surgical procedure or euthanasia. 509 

 510 

A major advantage of the silicone windows is versatility. Importantly, the procedure to surgically 511 

insert the window can be easily tailored to different anatomical locations. Adaptations to the 512 

surgery are facilitated by the fact that the windows can be easily resized with surgical scissors 513 

and that windows are glued to the surface of the tissue/organ of interest and to the skin, 514 

completely eliminating the requirement for sutures. Successful insertion of windows this way has 515 

been achieved for the liver, pancreas, and mammary gland (Figures 6A–C). In particular, two 516 

different protocols were developed to implant either ventral or lateral windows for liver imaging. 517 

Figure 1 shows the steps to insert a ventral window. This procedure can be adapted for other 518 

abdominal organs and will yield the largest imageable surface area. However, unless a large (>1 519 

cm2) imageable area is required, inserting a lateral window in the right flank of the mouse (Figure 520 

2) is preferred to decrease motion artifacts, e.g., due to respiration and peristalsis. In addition, 521 

the surgical procedure for inserting the lateral imaging window is compatible with a concurrent 522 

injection of cancer cells in the portal vein to experimentally model the development of liver 523 

metastasis. Thus, mice can undergo a single procedure instead of two separate ones when portal 524 

vein injection and abdominal imaging window insertion are needed in the same animal. An 525 



   

analogous procedure is used to implant a window over the pancreas on the left flank of the 526 

mouse (Figure 3). The window can also be inserted over subcutaneous tissues, i.e., normal 527 

mammary glands, as well as already established spontaneous or orthotopically transplanted 528 

mammary tumors (Figure 4). Alternatively, cancer cells can be injected in the mammary gland 529 

through the window to longitudinally follow the development of a primary tumor, as needles can 530 

puncture the PDMS film without compromising the integrity of the window.  531 

 532 

Owing to their low weight and flexibility, silicone windows do not interfere with the mobility of 533 

the mouse (Movie 1). Thus, silicone windows overcome major obstacles associated with glass 534 

windows, such as fragility, complex suturing, and impact on animal mobility. Instead, the main 535 

limitation associated with silicone windows is the regrowth of the epithelium under the window. 536 

However, when an appropriate amount of skin is removed and the wound is fully sealed with 537 

glue, re-epithelialization is limited, and imaging can continue over prolonged periods of time (up 538 

to 35 days have been tested, Figure 6D). After inserting the window, the mouse can be imaged 539 

longitudinally for approximately one month or until the surgical adhesive fails or re-540 

epithelialization occurs. Short daily imaging sessions (~60 min) or less frequent but longer 541 

imaging sessions are favored to avoid anesthesia-induced adverse effects. Window-bearing 542 

animals can be imaged on any intravital imaging platform, via both single-photon or multiphoton 543 

confocal microscopy, using standard procedures (see, e.g.,14). Before and after each imaging 544 

session, it is advisable to clean the window from grime and debris by wiping it with a cotton swab 545 

dipped in 70% ethanol (v/v). 546 

 547 

In order to track the same location over time, stainless-steel grids can be embedded within the 548 

window. Figure 7A shows the specifications for the custom-made, laser-etched grids used in 549 

here. Commercial grids for transmission electron microscopy are also suitable for this application. 550 

The grid is embedded within the window during the casting procedure and is clearly visible over 551 

the imaging area both to the naked eye (Figure 7B) and through the oculars of the microscope 552 

(Figure 7C). Because the window is glued to the surface of the organ, the position of imaging 553 

fields relative to the grid is stable. During imaging, note the orientation of the grid and location 554 

within the grid of each field of view that is imaged (e.g., 2nd row from the top, 4th square from 555 

the left). Next, use the grid to navigate back to specific grid areas - and thus imaging fields - during 556 

successive imaging sessions.  557 

 558 

The grid is also useful to align the imaging field during an imaging session when the tissue slowly 559 

drifts due to, e.g., respiration or peristalsis. Most imaging windows with a rigid rim can be 560 

tethered to a holder during imaging, adding stability to the imaging area. Since the flexible 561 

windows cannot be directly stabilized, surgical tape is used to stabilize the body section 562 

containing the window, and the imaging area is re-aligned to the center of the corresponding grid 563 

square or previously identified tissue landmarks (e.g., vascular landmarks) at defined intervals 564 

(typically every 30 minutes). Further drift correction for microscopic shifting of the field of view 565 

is performed digitally in the post-acquisition phase through code that re-aligns the frames based 566 

on detected tissue patterns (Supplemental code 1–2).  567 

 568 



   

To validate that the window does not cause any overt systemic adverse reaction, the weight of 569 

animals that had undergone window implantation and untreated age-matched controls was 570 

monitored. After an initial weight loss associated with surgery, most mice with inserted windows 571 

continue to gain weight over time, indicating that window insertion is well-tolerated (Figures 8A–572 

C). For liver and mammary gland windows, normal weight is regained within 5 days from the 573 

surgery. Post-operative recovery is slower after implantation of the window over the pancreas, 574 

with mice returning to pre-operative weight within 14 days. This observation is consistent with 575 

the expected effects associated with manipulation of the pancreas at the time of surgery. Note 576 

that even in cases when weight loss does not reach the threshold for humane endpoint, mice 577 

that do not regain pre-operative body weight (<5% of all mice, exemplified by the mouse 578 

indicated by * in Figure 8B) are typically censored from imaging experiments. In addition, white 579 

blood cell counts, determined at various time points after window insertion, were not altered in 580 

almost any window-bearing mice compared to controls and did not change considerably over 581 

time (Figure 8D), suggesting that the window did not cause major systemic inflammation.  582 

 583 

Next, to evaluate the degree of local tissue response to the window and the glue, mice were 584 

euthanized at 3, 14, and 28 (mammary gland windows) or 35 days (liver and pancreas windows) 585 

after surgical insertion of the window for histological analysis. Evaluation of hematoxylin and 586 

eosin (H&E) stained liver sections showed superficial (20–80 µm), minimal to mild capsular 587 

granulation tissue formation under the windows for most mice (2 out of 3 mice evaluated at day 588 

3, and 2 out of 3 evaluated at day 14). These lesions were focal (1–3 mm in length), corresponding 589 

approximately to the width of the glue layer (Figure 8E). After 35 days, most mice (4 out of 6 590 

evaluated in two separate experiments) presented no granular tissue, while a few (2 out of 6) 591 

had moderate focal capsular sclerosis and desmoplasia (at a depth of 25–250 µm). Interestingly, 592 

no significant lesions were observed on the surface of the pancreas directly under the window at 593 

any time point in the cohort of nine mice (Figure 8G). However, some mice displayed areas of 594 

atrophy in the pancreata and inflammation in the abdominal fat (steatitis), consistent with 595 

manipulation-induced damage. For the mammary gland, on days 3 after window implantation, 3 596 

out of 3 mice had either granulation tissue reminiscent of a healing incision visible along the 597 

surface of the gland or an inflammatory reaction in the fat tissue; at day 14, 3 out of 3 mice 598 

evaluated had granulation tissue. These lesions were again focal and 1–3 mm in length (Figure 599 

8I). Mice with mammary gland windows euthanized 28 days after surgery showed no obvious 600 

histological abnormalities.  601 

 602 

This analysis suggest that the window does not compromise the overall physiological architecture 603 

of the organs tested (liver, pancreas, mammary gland). The reactive tissue found on the surface 604 

of the liver and the mammary gland was likely a reaction to the glue and limited to tissue 605 

immediately in contact with the adhesive. Normal tissue can be readily found adjacent (< 100 606 

µm) to the reactive tissue in regions not exposed to glue (Figure 8E,I), and the tissue 607 

inflammation, therefore, does not interfere with the imaging of healthy tissue regions. Moreover, 608 

the tissue reaction is likely reversible as most mice (8 out of 9 mice, across all tissue locations) 609 

showed no significant lesions at the late time points (28 or 35 days), although direct confirmation 610 

that the tissue reaction resolves would be hard to achieve without longitudinal measurements in 611 

individual mice.  612 



   

 613 

Multiplexed immunohistochemical staining for CD45, CD68, and myeloperoxidase (MPO) was 614 

also performed to characterize the infiltration of leukocytes, monocytes/macrophages, and 615 

neutrophils, respectively. An increase in immune cell infiltration associated with granulation 616 

tissue and steatitis was seen in the mammary gland and the liver, but not in the pancreas (Figure 617 

8F,H,J).  Of note, these changes were likely transient as the immune cell infiltrate was comparable 618 

to that of the untreated controls at the last time points (28 days for mammary gland windows 619 

and 35 days for liver and pancreas windows). 620 

 621 

The liver was chosen as the site to further characterize whether window insertion and imaging 622 

caused significant local immune infiltration using imaging. To do this, c-fms-EGFP (MacGreen) 623 

mice15, in which myeloid cells (mostly macrophages) are labeled with a green fluorescent protein, 624 

were used. Liver windows were implanted in three c-fms-EGFP mice and imaged them on days 1, 625 

3, and 5 following surgery using the grid to locate the same field of view. The number of 626 

macrophages present in the imaging area did not change considerably over time following 627 

window insertion (Figure 8K). 628 

 629 

Next, the window was functionally tested by imaging a diverse set of biological processes at the 630 

cellular level (i.e., movement, proliferation, cell-cell contact) and tissue level (i.e., tumor growth 631 

in the pancreas, immune infiltration during mammary gland involution, and liver metastasis). The 632 

pancreas is not an easily accessible location for imaging. To demonstrate how the window can 633 

be utilized to capture cancer cell dynamics in this organ, windows were inserted over the 634 

pancreas of six C57BL/6J mice at the same time as orthotopic injection of KPC-BL/6-1199 cells, a 635 

pancreatic cancer cell line derived from a commonly used KPC (KrasLSL- G12D/+;p53LSL-R172H;Pdx1-636 

Cre) genetically engineered mouse model of pancreatic cancer. In order to be visualized by 637 

confocal microscopy, KPC-BL/6-1199 cells were engineered to express doxycycline-inducible 638 

enhanced GFP (iGFP-1199 cells). Six days following injection, the mice were put on a doxycycline 639 

diet to trigger expression of green fluorescent protein (GFP) in the pancreatic cancer cells. Figure 640 

9 shows representative images from a mouse orthotopically injected with iGFP-1199 cells on days 641 

11 and 14 following injection and window insertion. Movie 2 shows the iGFP-1199 tumor edge 642 

in an excerpt of a 2-h imaging session on day 11 after window insertion, illustrating the ability to 643 

capture dynamics of cell membrane projection in the pancreas using the silicone windows. 644 

 645 

The silicone window can also be used to capture dynamic immune cell infiltration over time. To 646 

illustrate this, mammary gland windows were insterted into lactating ACTB-ECFP (Tg(CAG-647 

ECFP)CK6Nagy); LysM-eGFP (Lyz2tm1.1Graf) mice immediately after weaning. In these mice, all 648 

cells, but most highly epithelial cells, express cyan fluorescent protein (CFP) driven by the beta 649 

actin promoter, and myeloid cells—primarily neutrophils, but also macrophages—are labeled by 650 

eGFP driven by the lysozyme M promoter. The mice were imaged on days 2 and 4 after window 651 

insertion, during the process of mammary gland involution, when mammary gland tissue begins 652 

returning to its pre-pregnancy state. Two macros for ImageJ were developed to reduce motion 653 

artifacts and improve visualization, one aligns the Z planes in a 4-dimensional intravital video 654 

(Supplemental code 1) and the other reduces the wobbliness due to breathing or other motion 655 

artifacts (Supplemental code 2). Figure 10 and Movie 3A–C show neutrophil infiltration within 656 



   

the remodeling mammary gland tissue at the same location at days 2 and 4, illustrating how the 657 

window could be used to monitor and track immune cell infiltration and movement over different 658 

days. An analogous experiment was conducted in a c-fms-EGFP mouse, with myeloid cells (mainly 659 

macrophages) expressing GFP driven by the c-fms promoter (Movie 4).  660 

 661 

Lastly, the relatively large surface area of this customizable window allows observation of rare 662 

events, such as the formation of liver metastasis after intravenous inoculation. To demonstrate 663 

this phenomenon, liver windows were inserted in C57BL/6J mice at the time of portal vein 664 

injection with KPC-BL/6-1199 pancreatic cancer cells constitutively expressing the nuclear fusion 665 

protein histone2B-CFP (H2B-CFP). Over time, the outgrowth of single cells and small clusters of 666 

2–3 cells as they developed into micrometastases (>100 cells) was monitored. Figure 10 shows 667 

representative images taken on days 1, 3, 7, and 9 after injection and window insertion and 668 

demonstrates the progression from single cells to micrometastases.  669 

 670 

All images and movies were collected using a multiphoton microscope. Maximum intensity 671 

projections and movie alignments along the Z and X axes over time were generated using ImageJ 672 

software. Aligned images and movies were then compiled using Imaris software.  673 

 674 

FIGURE AND MOVIE LEGENDS:  675 

Figure 1: Surgical insertion of a ventral abdominal imaging window over the liver. (A) The 676 

cartoon shows the anatomical location of structures relevant to the surgery. The white dashed 677 

box outlines the surgical field viewed in the pictures. (B) An incision is made starting 3 mm below 678 

the xiphoid process and continuing down so that a 1–1.5 cm2 section of skin is removed along 679 

the midline. (C) A slightly smaller section of the peritoneum is dissected. (D) The falciform 680 

ligament (white arrowhead) is severed, pushing the liver down. Note: cotton swabs moistened 681 

with sterile saline are used to gently manipulate internal organs. (E) Using a syringe, a small 682 

amount of surgical adhesive is applied in droplets around the area of interest on the surface of 683 

the liver. (F) The window is positioned and held firmly against the liver until the adhesive has 684 

dried (2 min). (G) The edges of the window are folded under the peritoneum and skin. (H) To 685 

secure the window to the peritoneum, adhesive is applied on the surface of the window 686 

corresponding to the shaded area, before pushing the peritoneum down on it and gluing it in 687 

place. The skin is similarly glued onto the peritoneum. A rim of glue is finally deposited along the 688 

red line to prevent growth of the epithelium over the window. (I) Same image as in (H) without 689 

the markings showing the mouse ready for post-surgical recovery. Area outlined with dashed 690 

lines is magnified in (J, K). (J) Marks from the droplets of adhesive are visible on the surface of 691 

the liver (arrow heads) (K) Same photo as in J showing the liver visible through the window 692 

outlined by a white dashed line. The droplets of adhesive on the liver surface are outlined in red. 693 

The area to be imaged is outlined in white. 694 

 695 

Figure 2: Surgical insertion of a window over the right lobe of the liver. (A) The cartoon shows 696 

the anatomical location of structures relevant to the surgery. The black dashed box outlines the 697 

surgical field viewed in the pictures. (B) The mouse is placed in the left lateral decubitus position, 698 

an incision is made starting 3 mm below the rib cage, and an approximately 1 cm2 section of skin 699 

is removed. (C) A slightly smaller section of the peritoneum is dissected. (D) The liver is gently 700 



   

pulled down below the rib cage using a moistened cotton swab. (E) Using a syringe, a small 701 

quantity of surgical adhesive is applied in droplets (white arrow head) on the surface of the liver. 702 

(F) The window is positioned and held firmly against the liver until the adhesive has dried (2 min). 703 

(G) The edges of the window are folded under the peritoneum and skin. (H) To secure the window 704 

to the peritoneum, adhesive is applied on the surface of the window, corresponding to the 705 

shaded area, before pushing the peritoneum down on it and gluing it in place. The skin is similarly 706 

glued onto the peritoneum. A rim of glue is also deposited along the red line to prevent growth 707 

of the epithelium over the window. (I) At high magnification, the liver (outlined by a white dashed 708 

line) is visible through the window. The imaging area is marked by the grid embedded in the 709 

window (white arrow head). 710 

 711 

Figure 3: Surgical insertion of a window over the pancreas. (A) The cartoon shows the 712 

anatomical location of structures relevant to the surgery. The black dashed box outlines the 713 

surgical field viewed in the pictures. (B) The mouse is placed in the right lateral decubitus 714 

position. The spleen is visible through the shaved skin (dashed line) (C) An incision is made 715 

starting 3 mm below the rib cage, and an approximately 1 cm2 section of skin is removed. (D) A 716 

slightly smaller section of the peritoneum is dissected. (E) The pancreas (white arrow head) is 717 

gently positioned with a moistened cotton swab in the location of the window. (F) Using a syringe, 718 

a small quantity of surgical adhesive is applied to the spleen, as well as the pancreas (away from 719 

the region to be imaged). (G) The window is positioned and held firmly against the pancreas until 720 

the adhesive has dried (2 min). The edges of the window are folded under the peritoneum and 721 

skin. (H) To secure the window to the peritoneum, adhesive is applied on the surface of the 722 

window corresponding to the shaded area, before pushing the peritoneum down on it and gluing 723 

it in place. The skin is similarly glued onto the peritoneum. A rim of glue is also deposited along 724 

the red line to prevent growth of the epithelium over the window. (I) At high magnification, the 725 

pancreas (outlined by a white dashed line) is visible through the window. The imaging area is 726 

marked by the grid embedded in the window (white arrow head). 727 

 728 

Figure 4: Surgical insertion of a window over the inguinal mammary gland. (A) The cartoon 729 

shows the anatomical location of structures relevant to the surgery. The black dashed box 730 

outlines the surgical field viewed in the pictures. Note that the surgery can be performed on 731 

either the 4th or the 5th mammary glands. (B) The mouse is placed in a supine position on a sterile 732 

surgical field. The 5th right nipple (arrow head) is used as a landmark to perform the incision. (C) 733 

An incision is made, the mammary gland is separated from the overlying skin, and an 734 

approximately 1 cm2 section of skin is removed. (D) Using a syringe, a small quantity of surgical 735 

adhesive is applied in droplets around the area of interest on the surface of the mammary gland. 736 

(E) The window is positioned and held firmly until the adhesive has dried (2 min). (F) The edges 737 

of the window are folded under the skin using forceps. (G) To secure the window to the skin, 738 

adhesive is applied on the surface of the window corresponding to the shaded area, before 739 

pushing the skin down on it and gluing it in place. A rim of glue is also deposited along the red 740 

line to prevent growth of the epithelium over the window.  (H) An example of a window 741 

implanted over a small tumor in the 4th right mammary gland is provided. Area outlined with 742 

dashed lines are shown in higher magnification in (I). (I) The droplets of adhesive on the 743 

mammary gland surface are outlined in red. The area to be imaged is outlined in black. 744 



   

 745 

Figure 5: Silicone imaging windows have favorable optical and material properties. (A–C) To 746 

measure the point spread function and compare the imaging properties of the PDMS windows 747 

to that of glass coverslips, 40 nm yellow-green fluorescent microspheres were imaged through 748 

PDMS windows of varying thickness or glass coverslips (#1.5 thickness)16. Images were collected 749 

using ultrasound gel as immersion medium to match the conditions of intravital imaging. Plots 750 

show the calculated Full Width at Half Maximum in the (A) X-axis, (B) Y-axis, and (C) Z-axis (mean 751 

± SD; n = 3/group, acquired using two or more separate windows; one-way ANOVA comparing all 752 

PDMS windows to glass with Dunnett’s multiple comparisons test; only significant differences are 753 

indicated). (D) The ratio between calculated FWHM values in the X and Y axis (A–B) is shown as 754 

a measure of the symmetry of the point source images along the X and Y axes, and therefore of 755 

optical aberrations. (E–G) Microspheres were imaged through three separate windows cast with 756 

200 mg of PDMS (similar to the windows used in for intravital imaging for Figure 9, Figure 10, 757 

Figure 11 and Movie 2, Movie 3, Movie 4) or three glass coverslip (#1.5 thickness) to measure 758 

point spread function. In contrast to the intravital imaging examples, images for these 759 

calculations were collected using water as immersion medium. Plots show the calculated Full 760 

Width at Half Maximum in the (E) X-axis, (F) Y-axis and (G) Z-axis (mean ± SD; n = 3/group using 761 

three separate windows; Mann-Whitney test, no significant differences were detected). (H) Plot 762 

shows the ratio between calculated FWHM values in the X- and Y-axis (F–G). (I) Plots show the 763 

peak fluorescent intensity per bead (mean ± SD; n = 3/group; Mann-Whitney test, no significant 764 

differences were detected). All images were collected at a wavelength of 960 nm and a laser 765 

power of 3%. A 100 μm z-stack was collected for each bead, with a step size of 0.6 μm. Image 766 

frame was set at 69 μm  x 69 μm with a resolution of 1022 pixels x 1022 pixels. Analysis was 767 

performed with Fiji - MetroloJ plugin. (J) To test material properties, PDMS windows were held 768 

in tension and secured between two ring-shaped washers using super glue to ensure an elastic 769 

response during mechanical testing. The same procedure was used for micro cover glass slips 770 

without the tension due to the rigidity of the glass. A loading tip consisting of a hemisphere (6 771 

mm diameter) with a cylinder extrusion (4 mm diameter, 20 mm length) was 3D printed using a 772 

polylactic acid filament. The windows were loaded into a servohydraulic material testing machine 773 

under a load control profile of 1 N/s until material failure. Force and displacement values were 774 

measured at a frequency of 100 Hz. The image shows the window testing set up with the loading 775 

tip being applied at the center of the window. (K) Plot shows the toughness of the material 776 

determined by calculating the summation area under the stress-strain curve using the Trapz 777 

function in MATLAB (mean ± SEM; n = 3/group using three separate PDMS windows for each 778 

thickness and glass coverslips; one-way ANOVA with Tukey’s multiple comparisons test). (L) Plot 779 

shows the Young’s Modulus determined from the linear portion of the stress-strain curve (mean 780 

± SEM; n = 3/group using three separate PDMS windows and glass coverslips; t-test with Welch’s 781 

correction).  782 

 783 

Figure 6: The silicone window demonstrates high tolerability and longevity. (A) A representative 784 

image of a male, 7-week old C57BL/6J mouse with a ventral abdominal imaging window without 785 

a grid 11 days after window surgery. (B) A representative image of a male 7-week old C57BL/6J 786 

mouse with a pancreatic imaging window containing a grid 14 days after window surgery. (C) A 787 

representative image of a female 12-week old C57BL/6J c-fms-EGFP mouse with a mammary 788 



   

gland imaging window containing a grid >7 days after window surgery. (D) Liver imaging window 789 

in a male 7-week old c-fms-EGFP mouse photographed (top row) and imaged (bottom row) on 790 

Day 0 (immediately after surgery) and 35 days post-surgery. Removing the appropriate amount 791 

of skin and sealing the wound with glue prevents the skin from re-epithelizing and pushing the 792 

window up and out, allowing the organ to be imaged long-term. Scale bars = 30 µm.  793 

 794 

Figure 7: Grids within the windows allows tracking of the same field of view. (A) Detailed 795 

specifications for the custom production of laser-cut stainless steel windows. (B) A grid 796 

embedded within the imaging window can be seen over the liver, with the rim of glue around the 797 

window clearly visible. (C) View of the window through the oculars of the two photon 798 

microscope. Blood vessels (red) and green signal from the liver can be seen in the background. 799 

 800 

Figure 8: Systemic and local response to window insertion. (A–C) Weight was monitored for 7-801 

week-old C57BL/6J female mice for a period of 28 days following window insertion in the liver 802 

(A), the pancreas (B) or the mammary gland (C). Percent body weight change in comparison to 803 

untreated age-matched mice is shown. (*) indicates a mouse that did not regain normal body 804 

weight and would have therefore been censored from an imaging experiment. The same control 805 

mice are shown in all three panels for easier comparison to each type of window. (D) White blood 806 

cell (WBC) count monitored on days 3, 14, and 28 (mammary gland window) or 35 (liver or 807 

pancreas window) after surgery. The normal range for WBC count in the mouse is indicated by 808 

dashed lines. (E,G,I) Hematoxylin and eosin staining of tissue sections from untreated controls 809 

(left) and a 7-week-old C57BL/6J mouse 14 days after insertion of an imaging window (right) over 810 

the (E) liver, (G) pancreas, or (I) mammary gland. (E,I) Superficial and focal granulation lesions 811 

are visible at discrete places along the surface (arrow) of liver and mammary gland, suggesting a 812 

reaction to the glue. Normal tissue indicated by * is visible in the regions adjacent to the 813 

granulation lesions. Three controls and three mice with liver windows were evaluated at each 814 

time point (days 3, 14, and 35 following surgery), except that 6 mice with liver windows were 815 

evaluated at day 35 following surgery. Two out of 3 mice exhibited granulation tissue at days 3 816 

and 14. 1 out of 3 mice exhibited granulation tissue at day 35.  Three controls and three mice 817 

with mammary gland windows were evaluated at each time point (days 3, 14, and 28 following 818 

surgery). Three out of 3 mice had granulation tissue or inflammatory reactions in the fat tissue 819 

of the mammary gland at days 3 and 14. Zero out of 3 mice exhibited granulation lesions or 820 

inflammatory reactions at day 28. (G) No significant lesions are visible in the pancreas. Three 821 

controls and three mice with pancreas windows were evaluated at each time point (days 3, 14, 822 

and 35 following surgery). Mice with pancreatic windows did not have granulation tissue at any 823 

time point. Scale bar = 500 µm (F,H,J) Multiplex immunohistochemical staining was performed 824 

on tissue sections from untreated controls and 7-week-old C57BL/6J mice 14 days after insertion 825 

of an imaging window over the (F) liver, (H) pancreas or (J) mammary gland. Antibodies against 826 

CD45, CD68 and myeloperoxidase (MPO) were used to label leukocytes, 827 

monocytes/macrophages and neutrophils respectively. CD45 and CD68 staining were performed 828 

on the same section while MPO staining was performed on a serial section of the same tissue. 829 

The anti-CD45 antibody was detected with a HRP-conjugated secondary antibody and imaged 830 

first, then the chromogen and the secondary antibody were stripped and slides were incubated 831 

with a secondary antibody recognizing anti-CD68. Quantification was performed with Fiji 832 



   

software by color thresholding; parameters were adjusted across antibodies and tissues. Plots 833 

show the quantification as cell counts per field of view (FOV) (mean ± SEM; n = 3/group; one-way 834 

ANOVA with Tukey’s multiple comparisons test; only significant differences are indicated). (K) 835 

Male C57BL/6J c-fms-EGFP mice 8–11 weeks of age had a silicone imaging window inserted over 836 

the right lobe of the liver. Fluorescently labeled lectin (100 µL) was injected intravenously 837 

immediately before each imaging session. Images are from a single mouse, at the same grid locus 838 

on days 1, 3, and 5 following surgery, at approximately 200 µm below the grid. Scale bar = 30 µm. 839 

Imaged using an excitation wavelength of 960 nm, laser power 10%. Blood vessels appear in red. 840 

Macrophages appear in green (white arrows). Representative of three imaged mice. 841 

 842 

Figure 9: Tumors can be visualized at multiple time points over weeks after window insertion.  843 

Representative images from one male 7-week old C57BL/6J mouse orthotopically injected with 844 

1.5 x 104 iGFP-1199 pancreatic cancer cells at the time of pancreatic window insertion, and 845 

imaged on days 11 and 14 after window insertion. Scale bars = 30 µm. Imaged using an excitation 846 

wavelength of 960 nm, laser power 10%. Representative of 6 imaged mice. 847 

  848 

Figure 10: Dynamic changes in immune cell infiltration during normal mammary gland 849 

involution. Using the metal grid embedded in the imaging window, the same location can be 850 

imaged during normal tissue remodeling, such as during mammary gland involution. To further 851 

evaluate the functionality of the silicone windows in monitoring dynamic changes like immune 852 

cell infiltration, a 12-week old female C57BL/6J x BALB/c ACTB-ECFP; LysM-eGFP mouse with an 853 

imaging window inserted over the abdominal mammary gland was imaged on days 2 and 4 after 854 

mammary gland involution. Neutrophils appear in green (white arrows). Neutrophil elastase 855 

activity was visualized by injecting a Neutrophil Elastase fluorescent probe 4 hours before 856 

beginning imaging, and appears in red (or yellow when colocalized with neutrophils). The 857 

epithelial cells appear in blue. Snapshots are a maximum intensity projection of five images along 858 

the Z axis (100–150 m in depth). Images are from Movies 3A and 3B, and on the lower row 859 

images, only the CFP signal is shown and images are marked with a red dashed line to visualize 860 

the same locations within tissue at the two different time points. Scale bars = 30 µm. Imaged 861 

using 960 nm and 1080 nm excitation wavelengths, laser power at 10% and 15% respectively. 862 

Representative of four imaged mice. 863 

 864 

Figure 11: The formation of cancer metastasis can be tracked over time. A male C57BL/6J 10-865 

week-old mouse injected with 1 x 105 KPC-BL/6-1199 pancreatic cancer cells expressing nuclear 866 

localized histone H2B conjugated cyan fluorescent protein (H2B-CFP) through the portal vein at 867 

the time of window insertion. Liver imaging was performed through a lateral window 24 h after 868 

injection and at two later time points (up to 9 days), as indicated. A single cancer cell visible on 869 

days 1 and 3 following injection are indicated with white arrows. Second harmonic signal from 870 

collagen fibers was also visualized in the cyan channel (yellow arrows). Images are from the same 871 

mouse at each different time point. Single z-plane images taken between 300 µm and 350 µm in 872 

depth. Scale bars = 30 µm. Imaged using an excitation wavelength of 880 nm. Laser power at 8%. 873 

Representative of three imaged mice. 874 

 875 



   

Movie 1: Silicone imaging windows are well tolerated in mice. Movie shows a male 9-week old 876 

C57BL/6J mouse 14 days following window insertion. Mouse does not exhibit any of the standard 877 

behaviors associated with pain (e.g., poor grooming, closed eyes, or lethargy). Representative of 878 

six recorded mice, and consistent with over 100 mice observed following successful window 879 

implantation.  880 

 881 

Movie 2: Subcellular imaging of orthotopically implanted pancreatic cancer cells. iGFP-1199 882 

cells were injected orthotopically into the pancreas of a male 7-week old C57BL/6J mouse and 883 

imaged on day 11 after injection of cancer cells and window insertion. The movie is a maximum 884 

intensity projection of six images along the Z axis and extracted from a 2-h imaging period. Time 885 

stamp (h:min:s:ms). Representative of six imaged mice. 886 

 887 

Movie 3: Changes in immune cell infiltration in ACTB-ECFP; LysM-eGFP mice during involution. 888 

Female C57BL/6J x BALB/c ACTB-ECFP; LysM-eGFP mice expressing GFP in myeloid cells (mainly 889 

in granulocytes but also in macrophages), and ECFP in all cells (but highest in epithelial cells) were 890 

bred at 8 weeks of age. Following parturition, pups were normalized to six pups per mouse. On 891 

day 10 after parturition, the pups were weaned and abdominal mammary gland imaging windows 892 

were inserted. Myeloid cells appear in green; neutrophil elastase activity, labeled using the 893 

Neutrophil Elastase 680 FAST probe injected 4 h before the start of imaging, appears in red (will 894 

appear yellow when colocalized with neutrophils); and epithelial cells appear in blue. Movies are 895 

a maximum intensity projection of five images along the Z axis (100–150 µm in depth). (A) 896 

Imaging at day 2 of mammary gland involution. Scale bar = 20 µm. Imaged using 960 nm and 1080 897 

nm excitation wavelengths, laser power at 10% and 15% respectively. (B) Imaging from day 4 of 898 

mammary gland involution. Scale bar = 20 µm. Movie is from the same mouse and tissue region 899 

as Movie 3A. (C) Higher magnification of a region of interest from Movie 3B, showing two 900 

neutrophils interacting with each other and the epithelial cells of the mammary gland. The 901 

formation of transient membrane protrusions can be observed at the leading edge during 902 

neutrophil migration. Time stamp (h:min:s:ms). Representative of four imaged mice. 903 

 904 

Movie 4: Changes in immune cell infiltration in c-fms-EGFP mice during involution. Female 905 

C57BL/6J c-fms-EGFP mice, with GFP-labeled macrophages, were bred at 8 weeks of age. 906 

Following parturition, litters were adjusted to six pups per mouse. On day 10 after parturition, 907 

the pups were weaned and abdominal mammary gland imaging windows were inserted. The 908 

movie, acquired on involution day 1 (one day after insertion of the window), highlights the 909 

prominent macrophage infiltrate during involution. Macrophages appear in green, collagen fibers 910 

(second-harmonic generation) appear in blue, and blood vessels appear in red (Lectin-DyLight 911 

594). Scale bar = 20 µm. Images are maximum intensity projections of five images along the Z 912 

axis (100–150 um in depth). Imaged using 960 nm and 800 nm excitation wavelengths, laser 913 

power at 10% and 15% respectively. Time stamp (h:min:s:ms). Representative of three imaged 914 

mice. 915 

 916 

DISCUSSION:  917 

Intravital imaging windows are important tools for directly visualizing physiological and 918 

pathological processes at cellular resolution as they unfold over time. The novel procedure 919 



   

described for casting and inserting flexible, silicone imaging windows in mice overcomes some of 920 

the most common issues with currently used imaging windows (exudate, breaking, and 921 

interference with normal mobility), provides additional safety for the mouse, and increases the 922 

accessibility of this technique.  923 

 924 

The most widely used imaging windows comprise a metal frame holding a glass coverslip. A major 925 

obstacle to the use of these prototypical windows is that securing the metal ring involves 926 

laborious stitching procedures, necessitating personnel with advanced surgical training. In 927 

addition, manufacturing the frames is costly and requires specialized equipment. The PDMS 928 

windows overcome both of these issues. The procedure to insert the PDMS windows eliminates 929 

stitching, significantly lowering the barrier to learning the technique. The materials to produce 930 

the windows are also inexpensive and can be easily purchased. In addition, both the shape of the 931 

window and the surgical procedure can be adapted for imaging different organs, including the 932 

mammary gland, liver, pancreas, spleen, and intestine.  933 

 934 

Whereas current intravital imaging windows allow longitudinal imaging for typically a few days, 935 

several common problems limits the use of these windows for extended periods of time. The 936 

weight and size of glass windows can interfere with the free movement of the mice, and exudate 937 

can accumulate against the window. Mice can also damage the glass coverslip, resulting in 938 

wounds and infections. In contrast, thr procedure described here maintains the same level of 939 

accessibility to the tissue while minimizing distress for the animals. PDMS is a safe, biostable, 940 

synthetic polymer widely used for biomedical applications in humans, such as drug delivery 941 

devices, facial-reconstruction surgery, and breast implants. Beyond increasing the animals’ 942 

tolerance of the window, the use of a biologically inert material, as opposed to glass, is 943 

particularly important for studies that involve the immune system, where local inflammation 944 

would be a confounding effect. Additionally, a major improvement is the elimination of stitches, 945 

as mice will bite and pull at them, which can cause the metal-framed glass imaging windows to 946 

fall out. This issue was partially addressed by a newer generation of windows that were designed 947 

so that the stitches are concealed in a groove9. However, this latter strategy requires purse-string 948 

suturing, which is a complicated, error-prone procedure that often causes stitches to be pulled 949 

too tight, resulting in necrosis of the tissue and pain. Therefore, the ability to glue the window in 950 

place constitutes a major advantage of the silicone window approach. Furthermore, the window 951 

is made of a flexible, durable material with negligible weight, which decreases its impact on the 952 

movement of the animal, as previously assessed in a comparison of windows that used silicone 953 

instead of metal to hold a glass coverslip17. By completely eliminating the glass coverslip, the 954 

silicone window eliminates the issues with both the metal frames and glass. Furthermore, the 955 

flexibility of the window allows it to be inserted with ease and decreases the stress force caused 956 

by gluing a rigid surface to the organs, thus decreasing the risk of permanent damage to the tissue 957 

being observed. In addition, because the window is much easier to insert and hold in place, the 958 

overall procedure takes less time, limiting the possible side effects due to prolonged anesthesia. 959 

For insertion over the liver, the difference in procedure time is particularly substantial, from 45 960 

min for metal-framed windows to 15 min for the silicone windows. In fact, whereas inserting the 961 

metal frame over the liver requires dissection of the xiphoid process (the cartilage at the end of 962 

the sternum), which is also potentially painful and causes sustained inflammation, this dissection 963 



   

is unnecessary for inserting the silicone window. Lastly, the imaging window presented in this 964 

work provides additional advantages with regard to possible applications. For instance, unlike 965 

glass windows, silicone windows provide easy access to the tissue, so cancer cells, fluorescent 966 

dyes, or drugs can be injected directly through the window.  967 

 968 

Another PDMS-based silicone imaging window suitable for insertion at a variety of anatomical 969 

locations, including the mammary gland, was recently described18. That window is molded to 970 

generate a shape and specialized edge that allows for rapid implantation of the window without 971 

the need for stitches or glue. In contrast, the silicone window presented here does not require 972 

any special mold and importantly, can be cut to shape during the surgical procedure to adapt to 973 

the anatomical location and individual mouse. Although the protocol describer herein 974 

necessitates the use of glue, this additional requirement allows imaging of abdominal organs, 975 

including the liver and spleen. Moreover, the silicone window described here allows for 976 

embedding of a stainless-steel grid within the window, which provides reference landmarks. 977 

These landmarks enables tracing of the same exact location over time and facilitates repeated 978 

imaging of the same site over multiple sessions (longitudinal imaging) to study processes that 979 

take days to weeks such as the development of metastatic lesions.  980 

 981 

In summary, a silicone imaging window for use in longitudinal IVM of the mammary gland or 982 

abdominal organs was adapted. The window is optically clear, highly durable, and inexpensive. 983 

The simplicity of the window insertion procedure reduces the technical skills required for 984 

implementing window-based intravital imaging approaches. The adaptability of the window to 985 

diverse tissue sites allows the implementation of IVM in a vast array of biological studies.  986 
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August 10, 2021 

 

Dear Dr. Amit Krishnan, 

Enclosed, please find the revised manuscript JoVE62757, entitled “Longitudinal intravital 
imaging through clear silicone windows. 

 

We have addressed the requested editorial changes as follows: 

1) We have addressed the editorial comments in the manuscript, including a) added a note about 
a cell line to use, the culturing conditions, and the number of cells used for injection; and b) 
described the specification of the suturing/wound clip materials. Note that we have also updated 
the “Table of Materials” to include sutures and wound clips.  

2) The manuscript has been revised to avoid the use of personal pronouns. We apologize for the 
misunderstanding, as we thought avoiding personal pronouns was required in the detailed 
protocol only. 

3) Figure 3 has been revised to include the correct panel labeling. 

4) Figure 8 have been revised to include scale bars.  

5) We have updated the highlighted content to include steps involving intravital imaging (from 
section 8 of the protocol). The highlighted steps now represent a cohesive narrative, beginning 
from casting of the window, to surgical implantation, and finally tracking of the same position 
over time through the gridded window. There are less than 3 pages of highlighted protocol steps. 

 

We hope that with these changes the manuscript can be formally accepted in JoVE and look 
forward to the videotaping. 

Sincerely, 

 

 
Mikala Egeblad, Ph.D. 
Professor, CSHL Cancer Center co-program leader 
Cold Spring Harbor Laboratory 
Cold Spring Harbor, NY 11724 
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