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Author Comments: Islet transplantation has been proposed to be a potential treatment for type 1 diabetes.
Recent compelling evidence indicates that intravascular islet infusion is far from ideal
and so, the omentum is re-emerging as a potentially valuable site for islet
transplantation. This experiment requires the isolation of high quality islets and
implantation of the islets to the diabetic recipients. Transplantation to the omentum
requires surgical steps that can be better demonstrated by video than by text. Here, we
document the detailed steps for this procedure by both video and written protocol.
 
We describe 2 methods of mixing the isolated islets with hydrogel before placing the
mixture into the omental pouch of diabetic mice. The transplanted animals were then
monitored with blood glucose readings for up to 35 days. Some animals were
sacrificed after 14 days to perform immuno-histochemical analysis. This model can be
used for the evaluation of islet omental transplantation before non-human primate
experiments, laying the foundation for subsequent clinical transplantation.
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SHORT ABSTRACT:  28 

A method for the omental transplantation of islets in a mouse is introduced. The isolated islets 29 

are mixed with hydrogel and the mixture is placed into the omental pouch of a diabetic mouse. 30 

Then, the blood glucose is monitored, and immuno-histochemical analysis is performed. 31 

 32 

LONG ABSTRACT: 33 

Islet transplantation has been proposed to be a potential treatment for type 1 diabetes. 34 

Recent compelling evidence indicates that intravascular islet infusion is far from ideal and 35 

therefore, the omentum is re-emerging as a potentially valuable site for islet transplantation. 36 

This experiment requires the isolation of high quality islets and the implantation of the islets 37 

to the diabetic recipients. Transplantation to the omentum requires surgical steps that can be 38 

better demonstrated visually. Here, the detailed steps for this procedure are presented. Two 39 

methods of mixing the isolated islets with hydrogel before placing the mixture into the 40 

omental pouch of diabetic mice are described here. Different hydrogels are used for the 41 

different conditions. Blood glucose levels of diabetic mouse recipients of syngeneic islets in 42 

the omentum were monitored for up to 35 days. Some animals were sacrificed after 14 days 43 

to perform immuno-histochemical analysis. This pre-clinical transplantation approach can be 44 

used as preliminary data leading up to translation to clinical transplantation. 45 

 46 
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According to the International Diabetes Federation (IDF), diabetes mellitus currently affects 48 

382 million people, with a projected increase to 592 million people by 20351. In both 49 

allogeneic and xenogeneic islet transplantation, systemic immunosuppressive therapy is 50 

necessary. Without immunosuppression, immune rejection is a major cause of graft loss2. 51 

There is also a significant problem of transplanted islet loss due to the instant blood mediated 52 

inflammatory reaction (IBMIR)3,4. However, even in the absence of an immune response such 53 

as in syngeneic or auto-transplantation models, islet cells transplanted into the liver via the 54 

portal vein are lost due to inflammation and/or to unfavorable environmental conditions, 55 

such as poor blood supply with reduced oxygenation and/or nutrients5,6. As a result, in order 56 

to ensure long-term metabolic function, higher islet numbers are necessary to compensate 57 

for the initial cell loss that reduces engraftment7. 58 

 59 

In an attempt to optimize islet engraftment, several alternative anatomical sites have been 60 

investigated experimentally as well as clinically, with promising, yet not definitive results8. 61 

Whereas some of the alternative sites offer easy and safe access (e.g., skin, kidney capsule, 62 

gastric submucosa and anterior chamber of the eye) or a wider surface for larger islet masses 63 

(e.g., peritoneal cavity), survival and physiologic metabolic performance of the transplanted 64 

islets are still limited and remain a concern9. The search for a more suitable site for islet 65 

engraftment is ongoing. 66 

 67 

The omentum was among the many anatomical sites that were investigated in the early 68 

development of islet transplantation, and proved a successful environment for islets10-14. 69 

However, intraportal islet infusion became the clinical choice due in part to the relative 70 

simplicity of the procedure and early success in animal models6. Also, in part, the negatives 71 

associated with this site, particularly massive early islet loss, were less understood and less 72 

constraining in the early days of experimental islet transplantation as the field matured. With 73 

more recent compelling evidence indicating that intravascular islet infusion is far from ideal, 74 

the omentum is re-emerging as a potentially valuable site for cell transplantation. 75 

 76 

The omentum (in the form of an omental pouch) offers relative advantages over the liver15,16. 77 

It is well-vascularized and easily accessible. It allows retrieval of the graft (if necessary) and/or 78 

biopsy. The ischemic period experienced by the islets is reduced compared to the liver, and 79 

the omentum can accept relatively large islet masses which is not possible intraportally, 80 

where a rise in portal pressure can cause complications. 81 

 82 

A syngeneic mouse model of transplantation was used in the protocol tested in the study, 83 

employing C57BL/6 male mice between 6-8 weeks old with a body weight of 20-25 g. Islet 84 

recipients were rendered diabetic with a single injection of streptozotocin with a dose of 250 85 

mg/kg ip. The induction of diabetes can be considered successful if the blood glucose level of 86 

the mouse is greater than 24 mmol/L 48 h after injection and remains above that level for a 87 

minimum of 5 days. 88 

 89 

Syngeneic islets were isolated from the pancreas of age-matched donors following previously 90 

published methods with some modifications. In brief, the collagenase was injected into the 91 

gall bladder instead of the bile duct. This was done as an improvement to facilitate the ease 92 

of injection. Collagenase infusion was followed by incubation, tissue disruption, density 93 

gradient separation and hand-picking to obtain pure islets. Islets were cultured overnight in 94 



CMRL-1066 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS) in 95 

T175 flasks at 37 °C, under 95% air-5% CO2 before transplantation. 96 

 97 

PROTOCOL: 98 

All mice used in this study were obtained from the Medical Animal Center of Guangdong 99 

Province. The use of animals was approved by the Ethics Review Committee of Shenzhen 100 

Second People's Hospital, in accordance with the principles of animal welfare. 101 

 102 

1. Islet Transplantation to the Omentum 103 

 104 

Note: This protocol requires 2 persons to accomplish. 105 

 106 

1.1. Assemble surgical materials which are listed in Table 1. Prepare aseptic field in surgical 107 

area with sterile materials such as drapes and disposables and maintain aseptic conditions 108 

throughout surgery. Sterilize all surgical instruments. Wear sterile gowns.  109 

 110 

1.2. Pick the islets using a 200 μL pipette tip under the stereomicroscope. Each mouse will 111 

receive 450-500 Islet equivalent (IEQ) per tansplant. For each animal, place enough islets for 112 

a single transplant into a sterile 1.5 mL snap-top tube with 100 μL of CMRL-1066 medium.  113 

 114 

Note: Islets can be isolated on the day of transplantation, but it is better to isolate them the 115 

day before to allow recovery for the isolation process.  116 

 117 

1.3. Keep the snap-top tubes with islets on ice until ready to transplant. 118 

 119 

1.4. Thaw the basement membrane matrix hydrogel and keep it on ice after removing it from 120 

the -20 °C freezer. The hydrogel is liquid at 4 °C to 10 °C and solidifies at higher temperatures. 121 

 122 

1.5. Weigh and tag all diabetic recipient mice. Inject 60 mg/kg pentobarbital sodium 123 

intraperitoneally. Test the the depth of anesthesia by administering a toe pinch. Give an 124 

additional 10 mg/kg pentobarbital sodium if the animal reacts to the pinch. If there is no 125 

withdraw reflex, the level of anesthesia is correct for surgery. 126 

  127 

1.6. Swab the surgical site on the abdomen using 70% ethanol. Shave the hair from the site 128 

with a razer blade and disinfect the area with Iodophor. Administer vet ointment to the eyes 129 

to prevent dryness while under anesthesia. 130 

 131 

1.7. Use the ophthalmic scissors to open the abdomen along the abdomen midline with an 132 

incision of 4 to 5 cm. Move the intestines to the left side and cover with saline soaked gauze 133 

to prevent excessive dehydration during the surgery procedure. 134 

 135 

1.8. Use cotton swabs to fully expose the visual field of the stomach and locate the omentum 136 

(located below the stomach). Use two pair of fine forceps to distend the omentum. Take care 137 

to prevent damage from tearing. 138 

 139 

1.9. The hydrogel is completely thawed at this point. Spin the tube with the islets for 30 s at 140 



200 x g and remove the supernatant. Aspirate 50 μL of hydrogel, add it to the tube containing 141 

the islets, and resuspend the mix gently avoiding the formation of bubbles. Keep the tubes 142 

on ice during the procedure. 143 

 144 

1.10. Use two pair of forceps to pick up the edges of the omentum and gently raise it to 145 

form a groove between the gastric wall and intestines that can accommodate a small volume 146 

of liquid with the islet graft.  147 

 148 

1.11. Let the second person assist in the procedure and aspirate the resuspended islet-149 

hydrogel mixture (the entire contents of the tube) with a 200 µL pipette tip, Deliver the 150 

content into the groove. 151 

 152 

1.12. Ensure that the mixture is well positioned into the groove by gently raising or 153 

lowering the edges of the omentum. Complete positioning of the mixture within 3 min before 154 

the hydrogel solidifies as an effect of the body temperature. After the hydrogel sets, fold the 155 

omentum to cover the graft.  156 

 157 

Note:The omentum will adhere to the surrounding gastric wall as the hydrogel solidifies. 158 

 159 

1.13. After the hydrogel is completely solidified, use cotton swabs to reposition the 160 

intestines back into the abdominal cavity, taking care not to touch the site of transplantation.  161 

 162 

1.14. Add 20 μL of cephalosporin (5~10 mg) into the abdominal cavity to prevent infection, 163 

then use 4-0 suture to close the abdomen.  164 

 165 

1.15. Return the mouse to its cage and repeat all steps for each mouse recipient. Keep the 166 

mice warm and monitor visually until they fully regain sufficient consciousness to maintain 167 

sternal recumbency. Keep the mice separate from other animals until they have fully 168 

recovered.  169 

 170 

1.16. Inject 50 μL of cefazolin sodium (0.05 mg/mL) each day for a week as post-surgery 171 

prophylaxis. 172 

 173 

1.17. Measure non-fasting blood glucose level from a tail-vein blood sample using a blood 174 

glucose meter once a day after the transplant. When transplanting to the omentum, the islet 175 

graft may have a delayed function and not reach a completely normal blood glucose level for 176 

2-3 weeks. 177 

 178 

1.18. For histology, remove the omental graft from the mouse at the end of the 179 

experiment following the transplantation. Fix the tissue according to the histological 180 

protocols. The graft can be analyzed for immunostaining or immunofluorescence studies.  181 

 182 

2. Alternative Method for Transplantation to the Omentum 183 

 184 

Note: An alternative fibrin-thrombin hydrogel that is used at room temperature may be 185 

substituted for the basement membrane matrix hydrogel. It consists of 2 components, a fibrin 186 

sealer protein solution (50 U/mL thrombin and 10 mg/mL fibrinogen). When the components 187 



are mixed, they form a clot that holds the islets in place. 188 

  189 

2.1. Use the fibrin-thombin hydrogel compound at room temperature. As in step 1.2, each 190 

mouse will receive 450-500 islet equivalents (IEQ) per transplant. Place the islets in a sterile 191 

1.5 mL snap-top tube with 100 μL of CMRL-1066 medium. Immediately before transplantation, 192 

aspirate the islets into a sterile PE50 tubing for a length of 10 cm and centrifuge gently (30 s 193 

at 200 x g) to form a loose pellet. 194 

 195 

2.2. Prepare the animal as stated above (steps 1.5-1.8) with the omentum spread out. Mix 196 

the hydrogel components (10 μL/each) and place on the omentum. (Figure 3D)  197 

 198 

2.3. Immediately expel the islets from the tubing onto the hydrogel. The hydrogel forms a clot 199 

around the islets. (Figure 3E) 200 

 201 

2.4. Fold the omentum over the hydrogel and islets to form a pouch. (Figure 3F) Continue 202 

with steps 1.13 to 1.18. 203 

 204 

REPRESENTATIVE RESULTS:  205 

Post-digestive state of the pancreas is shown in Figure 1A. Purified islets are shown in Figure 206 

1B. Dithizone staining and viability testing of the islets are shown in Figure 2. The main steps 207 

of the islet transplantation to the omentum are shown in Figure 3. The blood glucose levels 208 

of the recipients after omental transplantation are shown in Figure 4. Histological analysis of 209 

grafts is shown in Figure 5. 210 

 211 

FIGURE AND TABLE LEGENDS: 212 

Figure 1: Pancreas digestion and islet isolation. (A) The pancreas following the digestion. 213 

Note the sand-sized particles in the suspension. (B) Light microscopy image of the islets after 214 

isolation. 215 

 216 

Figure 2: Islet dithizone staining and fluorescence viability dyes. (A) Islets are stained in red 217 

by dithizone. (B) Light microscopy. (C) Propidium Iodide fluorescence red staining (dead cells). 218 

(D) Calcein-AM green staining (viable cells). 219 

 220 

Figure 3: Transplantation in the omentum. (A) After the recipient laparotomy, the stomach 221 

is exposed and the omentum located. (B) Islets are mixed in hydrogel and slowly placed onto 222 

the omental tissue. (C) Islet graft at higher magnification. The hydrogel is a semi-solidified 223 

state. (D) Alternative method. Hydrogel is placed on the omentum without islets. (E) Islets are 224 

placed on top of the hydrogel. (F) The omentum is folded around the islets. 225 

 226 

Figure 4: Blood glucose levels post-transplant. Non-fasting blood glucose levels of recipients 227 

(n = 7) up to 35 days after transplantation. The graft recipients did not all receive the same 228 

batch of islets so there are differences in quality and function resulting in large fluctuations 229 

in blood glucose level. 230 

 231 

Figure 5. Histology. Graft sections (graft retrieval 14 days after transplantation) were stained 232 

with DAPI (nuclei), anti-mouse insulin antibodies, and hematoxylin.,  233 

 234 



DISCUSSION: 235 

Islet transplantation to the liver via the portal vein is the most commonly used method of islet 236 

transplantation in humans, but there are still efficiency and safety concerns such as portal 237 

vein thrombosis and liver steatosis17. Recent studies show that the omentum may be a 238 

suitable alternative to the liver, but more research needs to be conducted prior to clinical 239 

translation12,14,18,19. 240 

 241 

The mouse is a suitable model for testing the omentum as a site for islet transplantation. In 242 

the mouse, the omentum is located under the stomach wall and is generally folded. However, 243 

the size of the omentum in mice is small and challenging to access. In order to use it for 244 

transplantation, it is necessary to gently spread it out to its full size then fold it over after the 245 

islets/hydrogel mix is deposited. In a larger animal, the omental tissue is more extensive and 246 

can be sutured to construct one or more pouches into which the islets are deposited. The 247 

mouse omentum is fragile and does not easily accept sutures without breaking. For this 248 

reason, a hydrogel is used to make the pouch without sutures.  249 

 250 

In the first method (steps 1.1-1.18), the hydrogel used is a basement membrane matrix and 251 

is composed of laminin, collagen IV and growth factors. It solidifies as it warms to body 252 

temperature. In the second method (steps 2.1-2.4), a different hydrogel is used composed of 253 

50U/mL thrombin and 10 mg/mL fibrinogen. Two different hydrogels are used to show the 254 

versatility of this technique. It may be tailored to fit many circumstances and to establish 255 

proof of principle. For clinical applications, whether a sutured pouch or a clinical-grade 256 

hydrogel is used, the technique can be combined with a minimally invasive approach, (e.g., 257 

an endoscopic method of delivery to the omentum). To this aim, additional studies using 258 

larger mammal pre-clinical models are required. 259 

 260 

The time to normalize the blood glucose levels in the mouse recipients after transplantation 261 

in the omentum in our as well as other studies suggest that the islets in the omentum require 262 

slightly longer time to achieve sufficient insulin production. Revascularization efficiency 263 

appears to be one important factor, as outlined in the study. Whether the presence of a 264 

hydrogel affects the speed of islet revascularization and performance, that remains to be 265 

determined.  266 

 267 
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Equipment

5 inch (12-13 cm) Scissors

Fine Forceps

Small wound clips

Acutenaculum

2 pair tissue forceps

4-0 Suture with needle

200μl Pipette and tips

One Touch ultraeasy Basic blood glucose monitoring system  

razor blade

Material and animals

Pentobarbital Sodium

Hydrogel 

Fibrin-Thrombin Hydrogel 

70% Ethanol

Iodophor

Normal saline

Cephalosporin

Cefazolin

lubricant eye ointment

streptozotocin

collagenase Type V

CMRL-1066 media

histopaque

PE50 tubing

Calcein AM

Propidium iodide

optimal cutting temperature compound (OCT)

insulin antibody

hematoxylin staining media

eosin staining media

DAPI

C57Bl/6 Mice

Fetal Bovine Serum

T175 flasks

1.5mL Snap-top tubes
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Dear editor, 

Thanks for offering the opportunity to further revise the manuscript. 

Our reply to your comments is as follows (see blue font). 

In order to improve the clarity of the manuscript we have done additional revisions of the 

language and the narrative. 

 

1. Protocol step 2.1: Please rewrite this step in imperative tense. 

We had rewrite this step in imperative tense. 

2. 1.2: What is IEQ? Please define an abbreviation before first use. Do you use 200 μL 

pipette or 200 μL pipette tip? 

IEQ means islet equivalents, we had define this abbreviation. We picked islets using a 

200 μL pipette tip under the stereomicroscope. 

3. 1.2, 2.2: How many islets are picked or gathered? 

Typically 200-300 islets. 

4. 1.4: Please specify the hydrogel. What type of hydrogel is it? 

We used basement membrane matrix hydrogel. 

5. 1.8: Do you use two pairs of forceps or two forceps? Two forceps are only one pair of 

forceps. 

We used two pair of fine forceps to distend the omentum.  

6. 1.9: Do you use 200 μL pipette or 200 μL pipette tip? 

We used 200 μL pipette tip. 

7. 1.10: Do you use two pairs of forceps or two forceps? 

We used two pair of forceps. 

8. 2.1: Please rewrite it in imperative tense. Please specify what hydrogel it is? 

We had rewrite it in imperative tense. We used fibrin-thrombin hydrogel. 

9. Please employ professional copy-editing services. The language in the manuscript is 

not publication grade. 
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We've reworked the article once again, modifying several statements, especially the 

discussion section. 

10. Please ensure that the references appear as the following: 

Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), 

FirstPage – LastPage, doi: DOI (YEAR). 

Please bond the Volume number and italicize the Journal names. 

We have checked the format of the reference again, and several articles do not provide 

the DOI 
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