Human Pancreatic Islet Isolation
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Short Abstract

Achieving high quality and appropriate quantity of human islets is one of the prominent prerequisite for successful islet transplantation. In this video, we describe step by step the procedures for human pancreatic islet isolation using a modified automated method. The human pancreata were procured from heart-beating deceased multi-organ donors.

Long Abstract

Management of Type 1 diabetes is a burdensome both to the individual and society, costing over 100 billion of dollars annually. Despite the widespread use of glucose monitoring and new insulin formulations, many individuals may still develop devastating secondary complications. Pancreatic islet transplantation can restore near normal glucose control in diabetic patients (1), without the risk of serious hypoglycemic episodes that are associated with intensive insulin therapy. 

Providing sufficient islet mass is important for successful islet transplantation. However donor characteristic, organ procurement and preservation affect the isolation outcome 


(2) ADDIN EN.CITE . At University of Illinois at Chicago (UIC) we developed a successful isolation protocol with an improved purification gradient (3) and a fairly fast procedure. The program started in January 2004 and more than 300 isolations were performed up to November 2008. The pancreata were sent in cold preservation solutions (UW, University of Wisconsin or HTK, Histidine-Tryptophan Ketoglutarate) 


(4-7) ADDIN EN.CITE  to the Cell Isolation Laboratory at UIC for islet isolation. Pancreatic islets were isolated using UIC method, which was modified based on the method that originally described by Ricordi et al (8). Briefly, after cleaning the pancreas from the surrounding tissue, it was perfused with enzyme solution (Serva enzyme or Sigma V enzyme). The distended pancreas was then transferred to the Ricordi digestion chamber, connected to a modified, closed circulation tubing system, and warmed up to 37°C. During the digestion, the chamber was shaken gently. Samples were continuously taken to determine digestion progress. Once free islets were detected under the microscope, the digestion was stopped by flushing cold (4°C) Hank’s Buffer Salt Solution (HBSS, Mediatech, Herndon, VA) into the circulation system to dilute the enzyme. After being collected and washed in M199, the tissue was incubated with UW solution before purification on a cell separator (COBE 2991, Cobe, Lakewood, CO). Following purification, islet yield (expressed as islet equivalents, IEQ), tissue volume, and purity were determined according to standard methods (9). Isolated islets were cultured in CMRL-1066 media (Mediatech, Herndon, VA), supplemented with 1.5% human albumin, 0.1% insulin-transferrin-selenium (ITS), and Ciprofloxacin in T175 flasks at 37°C overnight culture before islets were transplanted or used for research.

Procedures 

1. Facility Set Up:

· Turn on and check all instrumentations.

· Wipe off all hoods and surfaces.

· Set up slush machine, digestion circuit, perfusion unit, COBE, and surgical tables.

· Fill water bath with 6 bottles of sterile water and power on.  Also power on perfusion alcohol cooler.

· Record or scan out any item or media used.

· Media Preparation (follow instruction summarized in the proper document).

· Tube Preparation: Bacteriology (bottles, tube, form and bag), Sampling tubes (pre-filled with wash), assessment tubes and plates.

· Purification tube set: 1st tube empty and marked at 150mL, tubes 2-12 filled with 200mL of wash solution and marked at 230mL, one 50mL conical tube filled with 50mL of wash solution. 

2. Pancreas Acceptance and Receipt

· Check the integrity of packaging and confirm that donor information has consent, serology and medical/social history before bringing the pancreas into the facility.

· Enter donor and OPOs information into the batch record. 

3. Pancreas Preparation 

· While ensuring sterility, open the Pancreas packaging. The surgeon will transfer the pancreas to the decontamination table. 

· Depending on which solution has been used for the organ preservation, pour either HTK or UW preservation solution into the decontamination pan and surgically detach duodenum and spleen. 

· REMEMBER to take a spleen biopsy and store it in preservation solution until the end of the isolation.  It will be used for cross matching in case of transplantation. Discard it if the isolation is intended for research only. 

· Surgeon will fill one 60cc syringe with the original pancreas preservation solution and hand it to an operator, who will use it to fill prepared “Procurement” bacteriology bottles according protocol.

· 10 mL aerobic, 10 mL anaerobic, 5 mL gram stain

· After a visual inspection, the surgeon will ask an operator to prepare the enzyme. Consider that the re-suspension time varies between different brands and lots of collagenase. Sigma enzymes resuspend in a very short time, 0-15 minutes, whereas Serva enzymes, instead, require 30-60 minutes. 

· Be aware that Unit content per vial of Serva enzymes varies between lots. This information can be found on the Certificate of Analysis (CoA) stored in the proper folder in the storage room. 

· When the surgeon is ready, bring the decontamination solutions (Betadine, Fungizone and HBSS) to the decontamination table and pour them into the appropriate containers.  

· After decontamination, the pancreas will be inserted into a small sterile jar and handed to an operator for weighing. After that, the Jar will be opened and the surgeon will take out the pancreas and insert it in the cannulation pan with some preservation solution. Record the weight in the batch record. 

· The surgeon will expose and partially incise the main duct and cannulate each half of the pancreas with a cannula secured with suture.

· Before perfusion, 4 biopsies need to be taken.  1x snap frozen in liquid nitrogen, 1x cryomold on dry ice, 1x paraformaldehyde, 1x formalin.

4. Pancreas Perfusion 

· The pancreas will be moved to the perfusion unit and the enzyme solution poured into the basin.

· Total perfusion time is 10-12 minutes.

· 60-80 mmHg
for 4-10 minutes

· 160-180 mmHg
for 4-6 minutes + 2 minutes extra in case of very poor distension 

· Temperature is monitored and trimming is started during the perfusion.

· Following perfusion, collect the remaining enzyme solution and pour it back into the cannulation pan.

· The pancreas trimming will be completed in the cannulation pan, making sure to collect every piece of pancreas. Once the pancreas is clean, divide it in 10-12 pieces. 

· The team leader will ask for the Ricordi Chamber to be emptied.

5. Pancreas Preparation for Digestion 

· Transfer the pancreas to the empty Ricordi Chamber and pour in all remaining enzyme solution.

· Add 2.5mL of Pulmozyme to the Ricordi Chamber (1 vial).

· Close the chamber and fill up the system.

· Start pumping the solution at a rate of 230±30 mL/min for 5 minutes (our pump setting is 2.2) and gently rock chamber to evenly disperse warm solution throughout

· After five minutes decrease the flow to 110 mL/min (our pump setting is 1) and gently shake the chamber for the whole digestion phase maintaining the temperature at 36-38˚C, as guided by the team leader.

· Collect the trim, weigh it and record this value in the proper table of the batch record. 

· Rock gently until the chamber temperature reaches 37°, then shake according to the protocol and guidance of the team leader. 

· Take a sample every two minutes to assess the digestion status. Record the islet evaluation information in the digestion table of the batch record.

6. Dilution and collection 

· When dilution is called, stop the pump, move the clamps in order to open the circuit, adjust the flow to 230mL/min (setting 2.2), and take the coil out of the water bath. The leader will inform if it is necessary to cool down the coil using ice packs. 

· Collect tissue from squib up to the 500 mL line of the 8x 500mL conical collection tubes full of Wash Solution and HA (25%).  Collect in order: 1a, 1b, 2a, 2b, 3a, 3b, 4a, and finally 4b.

· After the first 8x 500 mL conical tubes, continue collecting tissue in 500 mL conical tubes, each containing 30 mL albumin. 

· Monitor the dilution samples and when no more islets are seen, stop dilution and record the time. 

7. Tissue Recovery and Washing 

· Once the tubes are spun, suction off the supernatant and wash the pellet with cold Wash solution. 

· The first 4x 500 mL conical tubes used to collect from the squib (1a, 1b, 2a, 2b) will be spun at 1100 RPM for 1 minute.

· After these bottles finish spinning, remove the supernatant, combine into a single 500 mL conical tube, and wash with RPMI Wash Solution on ice (before pouring from a tube or bottle that has been on ice, always dry the bottom with paper towel so as not to contaminate by dripping).

· Spin this 500 mL conical tube at 1100 TPM for 1 minute, 4˚C.

· The second 4x 500 mL conical tubes (3a, 3b, 4a, 4b) are spun after tissue collection from the squib.

· As with the first 4 conical tubes, after these tubes finish spinning, remove the supernatant, combine into a single 500 mL conical tube, and wash with RPMI Wash Solution on ice.

· Combine all collection tubes into a single 500mL conical tube in the manner above.  When a tube is full of washed tissue, spin and repeat the washing process until all tissue has been washed multiple times.

· At the end of dilution combine all tissue into a single 500 mL conical tube.

· Spin this tube and transfer the tissue into a single 250mL conical tube. Bring the volume up to 250mL with HA (25%) supplemented Wash Solution and prepare for sampling.

· After gentle inverting of the tube to resuspend tissue, sample out 1 mL with a pipette and add to a 15mL conical tube pre-filled with 9mL of wash solution. Then mix by gently inverting the 15mL conical tube and from this, sample out 1mL directly into a grid counting dish. Dilution factor is 2500 (10x250).

· Spin the 250mL conical tube and if the pellet volume is ( 49mL, add 150mL of UW. If the pellet volume is ( 50mL, split evenly into two tubes, spin them down and add 150mL of UW to each tube. 

· When UW is added, using the pipette mix the cell suspension extremely well, this is a critical step and if there are clusters of cells the purification can be compromised.

· Record and communicate to the purification operator the start time in UW. Leave the tube(s) on ice and swirl occasionally. 

8. Purification 

· Turn on the COBE 2991

· Start priming process

·   the machine at least 15 min before loading the tube

· Load the COBE bag, clamp all tubes except the green tube, set speed to 1,500 and super out to 0

· Sterilely setup the pump and gradient beakers and connect the collection tubing to the green tube

· Loading the ficoll 1.100:

· Push “spin,” add 110 mL of Ficoll 1.100 to the front beaker, and start the pump in order to load the COBE bag

· Do the following at same time when the Ficoll is loaded:  press super out, stop the pump, unclamp the pump head and set the super out speed to 100

· When the ficoll reaches the beaker and all air is expelled from the tubing, reclamp at pump head.

· Set the pump speed to 2.3, spin speed to 3,000, super out speed to 0

· Loading the gradients:

· Sterilely pour the heavy gradient into the front beaker, and then slightly release the clamp between the two beakers to remove any air.  Then pour the light gradient into the back beaker.

· Turn on the magnetic stirrer, press “spin,” remove the clamp from the tube connecting the two beakers, and visually verify that the heavy and light gradients are mixing.

· Turn on the pump to load the mixing gradients.

· Loading the tissue:

· As the front beaker runs low on gradient, but not low enough to allow air to enter the loading tube, reclamp the tube connecting the beakers and pour 1/4-1/2 of the tissue (original tissue volume + 150 mL UW solution) into the front beaker.

· Continue adding tissue in this manner until it has all been added.  Then wash the tube that previously held the tissue with 50mL of Wash Solution, and use to wash the front beaker

· As the last of the tissue enters the bag, all at once stop the pump, unclamp at the pump head, and clamp tubing above the bag.

· Centrifuge 5 minutes

· While centrifuging, bring the 12 collection tubes under the hood and loosen the caps.

· Attach the collection tubing to the yellow tube, unclamp the yellow tube, and clamp the green tube.

· Place the sterile collection tip into conical tube 1

· After 5 minutes has ended, slowly raise Superout to 100.

· Collect volumes:

· 150mL in tube 1 and bring to 230 mL volume with Wash Solution

· 30mL in tubes 2-12 (from 200-230mL)

· Push “STOP” on the COBE once collection has finished

· If the team leader requests it, empty contents of the COBE bag into a 250mL conical tube

· Clean up

9. Post Purification collection and sampling

· After the purification fractions have been collected, place the 12 tubes on ice and transfer to the 4th (media) hood. Bring the volume of conical tube 1 up to 230mL. Close tubes tightly. 

· Purity samples will be taken:

· Mix conical tube 1 by gently inverting.  Quickly take a 0.5mL sample, and transfer it to the corresponding well of the 6 well plate previously labeled. Repeat this step for tubes 2-6, then tubes 7-12 in the second plate. If the bag was collected, a sample should be placde in a 35mm dish.  Hand the plates to the leader who will assess the purity. 

· Spin the tubes down and make sure to keep them on ice. After spinning, gently remove the tube from the centrifuge and visually estimate the volumes of the tissue pellets and report them to the leader. 

· The leader, considering the size and purity of each tube, will communicate what needs to be recombined as top, middle and bottom. Follow the recombination instructions.  Spin and wash twice.

· After the second wash, bring the volume of each conical tube to 250mL with Final Wash, and sample for assessments, following the standard sampling protocol:

· Transfer 1mL of cell suspension into a labeled 15mL conical tube containing 9mL of wash solution. Take two samples from top, one from middle, and one from bottom.

· From each 15mL conical tube take 1mL to count in a counting dish. The remaining tissue, in the 15mL conical tubes, is going to be used for viability, endotoxin, bacteriology (preculture) and glucose static incubation. 

10. Culture 

· Based on the count, determine the exact volume required from each tube for pre-culture assessments.

· GSI 400EI (optional)

· DNA 2000EI

· Protein 2000EI 

· Calculate the number of flasks using the formula available in the batch record. If there is a certain degree of fragmentation present, distribute the islets at 20,000EI per flask.  Otherwise distribute them at a density of 30,000 EI per flask. 

· If the preparation is intended for research, change media after 12-24 hours and then every two days. When the islet distribution is complete, please make sure to fill the culture table in the batch record. 

· If the preparation is intended for transplantation, follow the protocol instructions; send the tissue for cross match, contact the nurse and Program Director.

Discussion

There are a variety of factors affecting the isolation outcome 


(10, 11) ADDIN EN.CITE . Based on our own human islet isolation experience, we summarized following critical points, which could potentially influence the islet yield and quality.

1. As soon as 40-50% of the islets completely separated from acinar tissue, the digestion should be stopped immediately by adding enough dilution solution and cooling down the tissue.

2. Gently handling the tissue when collect, wash, and mix them.

3. UIC purification method is recommended since a superior recovery of highly pure human islets was demonstrated by using this method. Moreover, up to 50 ml of digested tissue can be loaded in a single Cobe run for purification, which will significantly shorten the islet isolation process.

4. Minimizing the ischemia-associated injury of the human islets by shortening the total time used on isolation.
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