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Abstract
This protocol describes a strategy to live image normal and cancerous pancreatic tissue. This imaging
method utilizes an upright scanning confocal microscope (Leica SP5 II) outfitted with a custom
microscope apparatus that permits positioning and stabilization of the mouse along with unimpeded
access to pancreatic tissue to facilitate high resolution live imaging for extended periods of time.
Pancreatic tumors can be either imaged in vivo or ex vivo, depending on the extent of invasiveness
and level of fibrosis.

Introduction
Pancreatic cancer remains a difficult disease to treat with an extremely low 5 year survival rate of 6%.
The development of methods to visualize normal and cancerous pancreatic cells in context of the
native microenvironment could lead to a better understanding of pancreatic growth, regeneration and
transformation in vivo. For example, live imaging can provide a way to identify the impact of gene
modification, map cancer heterogeneity and interactions of cancer cells with the microenvironment,
as well as track the effectiveness of new therapies on tumor growth in vivo. Visualization of individual
cells within a field, specific cell populations, surrounding tissues and blood vessels can be achieved
using combinations of genetically coded, or deliverable fluorescent proteins; for example, reporter
mice containing a fluorophore (such as GFP) that tracks cells expressing genes of interest can be
crossed to mice with a ubiquitous “backlight” (such as the actin promoter-driven dsRed transgenic
mice). These GFP-reporter;actin-dsRed mice can then be injected with Hoescht 33342 to label
individual nuclei and fluorescently-labeled antibodies to label blood vessels or other components of
the microenvironment. Here we describe a method for imaging healthy pancreas, pancreatic
intraepithelial neoplasia (PanIN) and pancreatic tumors in vivo. In cases where the pancreatic tumors
have invaded extensively into surrounding tissues or have become too fibrotic to mold to the imaging
apparatus, the tumor can be excised after administration of relevant fluorescent probes and imaged
ex vivo.

Reagents
• 0.5 cc insulin syringe
• Ketamine (VetOne)
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• Xylazine (Lloyd Laboratories)
• PBS (Gibco)
• Opthalmic Ointment (Vetropolycin)
• Sterile cotton tipped applicators (Puritan)
• 70% EtOH
• Forceps (FST)
• Surgical Scissors (FST)
• Isoflurane (Piramal Healthcare)
• 24mm x 50mm coverslips
• Distilled water (Gibco)
• 60 cm culture dishes
• Fluorescently conjugated antibodies or fluorescent dyes such as anti-mouse VE cadherin Alexa Fluor
647 (Biolegend), Dextran Alexa Fluor 647 (Thermo Scientific), or Hoescht 33342 (Thermo Scientific)

Equipment
• Leica SP5 II
• Mouse Imaging apparatus for intact organs (Designed by Raymond Fox and Joi Weeks, Built by The
Campus Research Machine Shop at UCSD, Fig 1)
• Isoflurane regulator (South Coast Anesthesia)
• Heating pad (Gaymar)
• Mouse vitals monitoring machine

Procedure
In vivo Normal Pancreas and Pancreatic Tumor Imaging
This protocol describe in vivo imaging methods for normal pancreas, pancreatic intraepithelial
neoplasia (PanIN) and pancreatic tumors that are still compliant.
1.

Anesthetize mouse with a mixture of ketamine/xylazine (100/10 mg/kg,
intraperitoneal injection (IP)). Wait until mouse has an unresponsive pedal reflex (toe
pinch) to proceed. Continue to perform toe pinch at regular intervals throughout the
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procedure to monitor depth of anesthesia. Administer 0.5 ml PBS by IP injection
every two hours during the protocol to keep the animal hydrated. Maintain the
animal on a heating pad set at 37°C. Vitals should be monitored using a system that
records pulse, O2 saturation and temperature. Respiration rate should be monitored
visually.
2.

Administer the desired fluorescent dyes or fluorescently-conjugated antibodies
intravenously (retro-orbital or tail vein injection). Hoescht 33342 can be used to
visualize nuclei (10 μl of a 20 mM stock solution per mouse) and VE-cadherin
antibodies conjugated to Alexa Fluor 647 can be used to visualize the vasculature (50
μg in 100 μl per mouse). If dyes are injected retro-orbitally, a maximum of 100 μl can
be administered in each eye (a total of 200 μl in both eyes).

3.

Apply ophthalmic ointment to eyes using a cotton applicator to prevent drying during
the procedure.

4.

Position the mouse lateral side up and thoroughly spray the abdomen and back with
70% ethanol.

5.

Locate the most distal rib; starting approximately 0.5 cm below the final rib, use
sterile forceps and surgical scissors to make an incision that extends 2 cm toward
the ventral side of the body and 2 cm toward the distal side of the body. Ensure the
incision penetrates both the skin and body wall, but avoid injuring the spleen (which
rests directly against the body wall on the lateral side of the mouse).

6.

Turn on isoflurane regulator at a rate of 1-3% isoflurane in oxygen. Position mouse
with the incision facing up on the imaging apparatus connected to the anesthesia
system (Fig 1). Note: The mouse should not regain consciousness at any point during
the protocol and normal breathing patterns should be maintained throughout.

7.

Carefully lift the tail of the pancreas and the spleen up through the incision in the
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mouse and onto the surface of the imaging apparatus. This can be done using sterile
blunt forceps. Clamping of the tissues should be avoided because this can damage
areas that are optimal for imaging.
8.

Secure the tissue to the imaging apparatus by placing a coverslip over the tail of the
pancreas. The pancreas tail should now be resting between the apparatus and the
coverslip. Be aware of major blood supplies to the pancreas such as the coeliac
artery and splenic artery; too much tension can result in vessel rupture and
significant blood loss. Once secured, keep the pancreas hydrated by supplying PBS
between the coverslip and imaging apparatus.

9.

Transfer the imaging apparatus to the microscope. Perform imaging using a TCS SP5
upright DM600 CFS Leica confocal system and Leica LAS AF 2.7.3 software. Acquire
images using a HCX APO L20x objective with a 1.0 numerical aperture. If the
objective requires water immersion, place 2-3 drops of distilled water on the
coverslip before lowering the objective.

10.

Excite the fluorophore of interest using the appropriate laser. The excitation and
emission wavelengths of commonly used fluorescent proteins are as follows: Hoescht
33342 (excitation 361 nm, emission 497 nm), GFP (excitation 488 nm, emission 493
to 556 nm) and DsRed2 (excitation 561 nm, emission 566 to 650 nm). We use the
Argon-ion (458 nm and 488 nm) and Diode pumped solid-state (561 nm) lasers to
excite these proteins, respectively. Using this system, it is possible to image
approximately 100 microns deep into the pancreas.

11.

After completing the imaging session (which can last several hours up to a day), euthanize the
mouse by cervical dislocation.

Ex vivo Pancreatic Tumor Imaging
In instances where the tumor may have invaded into surrounding tissues or is highly fibrotic, an ex
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vivo imaging strategy can be useful as described blow.
1.

Anesthetize mouse with a mixture of ketamine/xylazine (100/10 mg/kg,
intraperitoneal injection (IP)). Wait until mouse has an unresponsive pedal reflex (toe
pinch) to proceed.

2.

Administer the desired fluorescent dyes or fluorescently-conjugated antibodies
intravenously (retro-orbital or tail vein injection). Hoescht 33342 can be used to
visualize nuclei (10 μl of a 20 mM stock solution per mouse) and VE-cadherin
antibodies conjugated to Alexa Fluor 647 can be used to visualize the vasculature (50
μg in 100 μl per mouse). If dyes are injected retro-orbitally, a maximum of 100 μl can
be administered in each eye (a total of 200 μl in both eyes). Note: small fluorescent
dyes such as Hoescht 33342 penetrate rapidly so the tumor can be removed as early
as 15 minutes after injection. However, if additional time is needed for perfusion of
large fluorescent probes or drug, maintain the mouse on isoflurane as described
above.

3.

Position the mouse ventral side up and thoroughly spray the abdomen with 70%
ethanol.

4.

Starting approximately half way between the sternum and the pelvic bone, use
sterile forceps and surgical scissors to make two incisions that extend from the
center of the abdomen to the lateral and medial side of the rib cage. This should
result in unimpeded access to organs within the intraperitoneal cavity.

5.

Using forceps and scissors, remove the tumor.

6.

Following removal of the tumor, place it in a 60 cm culture dish. Rest a coverslip on
the tumor, and stabilize it against the edge of the culture dish.

7.

Image as described in steps 9-11 above.

Figures
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Figure 1
Mouse apparatus for live imaging

Image-based detection and targeting of therapy resistance in
pancreatic adenocarcinoma
by Raymond G. Fox, Nikki K. Lytle, Dawn V. Jaquish, +12
Nature (20 June, 2016)
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