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Introduction

For human islet transplantation to become more widely available 
and applicable, it is important to obtain adequate islets from a 
single donor pancreas to reverse diabetes.1 Despite recent prog-
ress, current islet isolation techniques usually require transplanta-
tion of islets from two or more donors to establish euglycemia,2,3 
and a transplantable yield of islets is obtained from <50% of all 
isolations even in advanced islet isolation centers.4-7 Successful 
islet isolation depends on a mechanically enhanced enzymatic 
digestion to dissociate the extracellular matrix of the islet-exo-
crine interface to release intact islets.8 Therefore, it is important 
to deliver the collagenase to the islet-exocrine interface area 
properly. For this purpose, collagenase is currently administered 
through the pancreatic ducts, a method reported to be superior to 
the simple injection method.9 Even when using collagenase with 
the optimized composition and the optimized delivery method, 
often many islets are still embedded in the surrounding exocrine 
tissue or over-digested after human islet isolation and the isolated 
islet yield is much less than expected. These facts indicate that 
the delivery of collagenase to the islet-exocrine interface area may 
not be adequate.

A delivery of collagenase at the islet-exocrine interface is crucial for successful human islet isolation. In this study, we 
investigated how the ductal preservation method at the procurement site affected collagenase distribution. At first, 
we analyzed human islet isolation data among groups using Serva collagenase with or without ductal injection (DI) 
or using new Liberase MTF with DI. Then, to assess the distribution of collagenase, human pancreata were classified 
into two groups: without DI (no DI, n = 5) and with DI at the procurement site (DI, n = 5). Collagenase with 1% marking 
dye was perfused in the same manner as in our clinical isolation. The distension of the pancreas and the microscopic 
distribution of the dyed collagenase in pancreas sections were examined. For microscopic analysis, islets were counted 
and classified into three criteria: unreached, dye didn’t reach the islet surface; surface, dye resided on the surface of the 
islet but not inside; and inside, dye was found inside the islet. As a result, DI groups substantially improved islet yields. In 
addition, Liberase MTF with DI significantly improved efficacy of pancreas digestion. All pancreata were well distended 
macroscopically. However, microscopically, the majority of islets in the no DI group were untouched by the dyed 
collagenase. Ductal preservation substantially improved dyed collagenase delivery on the surface of islets. In conclusion, 
delivery of collagenase on the surface of islets was unexpectedly insufficient without DI, which was substantially 
improved by DI. Thus, ductal preservation is a potent method to improve collagenase delivery and islet yields.
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We have previously reported that pancreatic ductal preser-
vation using a high-volume (1 mL/g pancreas weight) ductal 
injection (DI) technique with preservation solution substan-
tially improved both the quality and quantity of isolated human 
islets.10-12 This resulted in a high success rate for clinical islet 
transplantation,10,12 even when using non-heart-beating donors.11 
Ductal preservation prevents apoptotic cell death in islets,13 
which can explain the mechanism of the effect on islet viability 
and function. However, the reason for the significantly increased 
islet yield achieved by ductal preservation has not been fully elu-
cidated. We hypothesized that ductal injection immediately after 
pancreas procurement would enhance delivery of collagenase. To 
verify this hypothesis, we used a marking dye mixed with colla-
genase solution for collagenase perfusion in the same manner as 
clinical islet isolation to examine the distribution of collagenase 
solution with or without the DI.

Results

Effect of ductal preservation on human islet isolation. We 
previously reported that the ductal preservation method at the 
procurement site substantially improved islet yield and clinical 



© 2012 Landes Bioscience.

Do not distribute.

www.landesbioscience.com Islets 131

 RESEARCH PAPER RESEARCH PAPER

MTF group, 1,157,354 ± 192,191 IE, postpurification: DI MTF 
group, 868,955 ± 158,053 IE, Fig. 1A).

The islet yield per pancreas weight (IE/g) both prepurifica-
tion and postpurification in the no DI Serva group was also 
significantly lower than in the DI Serva group (prepurification: 
no DI Serva group, 4,159 ± 353 IE/g; DI Serva group, 11,155 ± 
1,388 IE/g, postpurification: no DI Serva group, 3,255 ± 339 
IE/g; DI Serva group, 7,698 ± 887 IE/g, Fig. 1B). There were no 
significant differences of islet yield per pancreas weight between 
the DI Serva and the DI MTF groups in both pre and post  
purification (prepurification: DI MTF group, 11,523 ± 1,537 
IE/g, postpurification: DI MTF group 8,475 ± 1,206 IE/g, 
Fig. 1B).

These data confirmed the benefit of ductal preservation to 
increase human islet yield substantially. Our data showed that 
Liberase MTF was equivalent to or even better than Serva col-
lagenase. Indeed, the success rate of islet isolation (defined as 
>300,000 IE/pancreas) using MTF in our institute is more than 
90% (data not shown). Therefore, we conducted the following 
studies using Liberase MTF.

Distribution of collagenase study, pancreas distension after 
collagenase delivery. The study schema of the effect of ductal 
preservation on the delivery of collagenase is shown in Figure 
2. The characteristics of the used pancreata are shown in Table 
3. There were no significant differences in donor characteristics 
between the two groups. An average of 112 ± 4 mL of ET-Kyoto 
solution (Otsuka Pharmaceutical Factory Inc.,) was infused for 
ductal preservation in the DI group. The peak pressure observed 
during DI ranged from 300–400 mmHg. Cold ischemic time 
was less than 10 h in all cases. After continuous perfusion of 
collagenase solution with dye, pancreata were well distended 
macroscopically in both the no DI (Fig. 3A and right) and the 
DI groups (Fig. 3B and right). However, some non-dyed spots 
were seen in the pancreas in the no DI group (Fig. 3A and right) 
whereas dye spread more thoroughly in the DI group (Fig. 3B 
and right). For a quantitative assessment of the distention, the 
weight of pancreata was measured before and after the collage-
nase perfusion (Table 4). The rate of weight increase was not 
different between the two groups.

Distribution of the collagenase after delivery. The dye spread 
through pancreatic tissue macroscopically (Fig. 3C and D). 
Microscopically, the distribution of the dye was unequal in the 
tissues. The dye was not detected in some lobules, which were 
often found in the no DI group (Fig. 4A–C and yellow arrows) 
whereas the dye-positive lobules were well observed in the DI 
group (Fig. 4D–F).

We measured the ratio of dye-positive lobules to all lobules in 
the head, body, tail of the pancreas, and the DI group showed a 
significantly higher rate in all parts (Head: no DI, 61.2 ± 5.1%; 
DI, 93.7 ± 2.8%, Body: no DI, 63.4 ± 6.3%; DI, 88.3 ± 1.9%, 
Tail: no DI, 56.9 ± 2.7%; DI, 87.4 ± 2.4%; p < 0.05 in all parts 
between two groups, Fig. 4G). These findings indicate that duc-
tal preservation makes the dye distribution more uniform and 
through.

Localization of the collagenase in the pancreas in relation to 
the islets. The islets in the sections were counted and classified 

outcomes of islet transplantation.10-12 Recently, new collagenase 
Liberase MTF has been implemented for clinical islet isolation 
with promising results.12,14 To verify a hypothesis that ductal 
preservation could digest the pancreas better, we analyzed our 
human islet isolation data among the groups with and without 
DI using Serva collagenase (DI Serva group, no DI Serva group) 
and with DI using Liberase MTF (DI MTF group). For this 
study, we used clinical grade pancreata and the criteria of clinical 
grade pancreata were shown in Table 1.

The donor and isolation variables are shown in Table 2. There 
was no significant difference in the donor characteristics among 
the groups. The undigested tissue volume in DI MTF group was 
significantly lower than in no DI Serva group. The islet yield 
(islet equivalent, IE) both prepurification and postpurification 
in the no DI Serva group was significantly lower than in the 
DI Serva group (prepurification: no DI Serva group, 474,333 ± 
52,941 IE; DI Serva group, 1,007,458 ± 94,304 IE, postpurifica-
tion: no DI Serva group, 371,741 ± 52,083 IE; DI Serva group, 
727,777 ± 105,113 IE, Fig. 1A). There were no significant dif-
ferences of islet yield between the DI Serva and the DI MTF 
groups in both pre and post purification (prepurification: DI 

Table 2. Donor and pancreas variables for human islet isolation data

Variables
no DI Serva 

(n = 3)
DI Serva 

(n = 8)
DI MTF  
(n = 7)

Age (years) 41.3 ± 9.5 35.9 ± 3.9 43.0 ± 3.7

Gender (F/M) 0/3 2/6 4/3

Body mass index (kg/m2) 26.3 ± 3.1 32.2 ± 2.3 28.7 ± 1.2

Cold ischemic time (min) 299 ± 60 172 ± 24 199 ± 11

Pancreas weight (g) 104.4 ± 6.7 97.6 ± 10.1 101.7 ± 9.2

Phase I (min) 17.3 ± 1.4 12.9 ± 1.1 13.0 ± 1.0

Phase II (min) 52.7 ± 2.2 52.9 ± 3.7 47.6 ± 4.6

Undigested tissue (g) 27.7 ± 7.7* 14.9 ± 3.4 5.6 ± 0.9*

Embedded islet rate (%) 40.0 ± 20.5 31.4 ± 7.4 28.1 ± 4.1

Post-purification Purity (%) 48.2 ± 10.3 56.6 ± 5.7 60.7 ± 3.0

Post-purification  
Viability (%)

98.5 ± 0.2 97.8 ± 0.5 96.2 ± 0.5

Recovery rate (%) 81.3 ± 12.9 74.5 ± 9.8 76.1 ± 6.8

Final pellet volume (ml) 18.6 ± 6.5 8.2 ± 0.9 10.6 ± 3.3

Stimulation Index 1.1 ± 0.2 7.8 ± 2.8 13.7 ± 2.9

Data are expressed as mean ± SE. *p < 0.05.

Table 1. Islet cell transplant—donor specific inclusion and exclusion 
criteria

Inclusion criteria Exclusion criteria

a. Multi-organ donor Pre-exisiting diseases:

b. Adequate in situ  
hypothermic perfusion

a. Diabetes mellitus type 1 or 2

c. Maximum 18 h cold isch-
emia in the above conditions

b. Malignancies other than primary

d. Minimum 18–70 y c. Septicemia
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into three criteria based upon the distribution of dye around the 
islet: unreached, the dye didn’t reach the islet surface (Fig. 5A); 
surface, the dye resided on the surface of the islet or in the peri-
insular space but not inside it (Fig. 5B); and inside, the dye was 
found inside the islet (Fig. 5C).

The distribution of the dye around the islets was unexpect-
edly poor in the no DI group, although after perfusion the pan-
creas appeared well distended macroscopically. The majority of 
islets in the no DI group were untouched by the dye in all parts 
(Head: unreached, 78.7 ± 4.1%; surface, 16.8 ± 3.1%; inside, 
4.5 ± 1.2%, Body: unreached, 68.7 ± 5.6%; surface, 23.3 ± 
4.5%; inside, 8.0 ± 2.1%, Tail: unreached, 77.8 ± 1.6%; sur-
face, 20.3 ± 2.1%; inside, 1.8 ± 0.6%, Fig. 5D). On the other 
hand, in the DI group, dye delivery to the islets was significantly 
improved (Head: unreached, 33.3 ± 5.6%; surface, 61.8 ± 4.4%; 
inside, 4.8 ± 1.3%, Body: unreached, 30.1 ± 3.0%; surface, 61.7 

Table 3. Donor and pancreas variables for the distribution of  
collagenase study

Variable
no DI group 

(n = 5)
DI group 

(n = 5)
p value

Gender (F/M) 2/3 1/4 N/A

Age (years) 47 ± 4 50 ± 2 0.56

Height (cm) 175 ± 3 174 ± 4 0.78

Body weight (kg) 94 ± 7 93 ± 15 0.95 

Body mass index (kg/m2) 30.1 ± 1.7 30.8 ± 4.5 0.90

Cold ischemic time (min) 323 ± 65 261 ± 48 0.51

Pancreas weight (g) 108 ± 12 114 ± 14 0.79 

Volume of ductal injection (ml) N/A 112 ± 4 N/A

DI, ductal injection; N/A, not applicable. Data are expressed as mean ± 
SE.

Figure 1. The effects of ductal preservation on human islet isolation outcome. (A) Prepurification and postpurification islet yields in the no DI Serva 
group, the DI Serva group and the DI MTF group. Islet yields were significantly higher in the DI Serva group compared with the no DI Serva group. (B) 
Prepurification and postpurification islet yield per pancreas weight (IE/g) in the three groups. Prepurification and postpurification IE/g was significant-
ly higher in the DI Serva group compared with the no DI Serva group. Prepurification IE/g in the DI MTF group was significantly higher than in the no 
DI group. Islet yield in the DI MTF group was higher than in the DI Serva, but the difference was not significant. IE, islet equivalent. *p < 0.05.

Figure 2. Schematic of the study of collagenase distribution with or without ductal preservation. In the no DI group, after procurement the pancreas 
was preserved with the two layer method (upper layer: ET-Kyoto solution, lower layer: oxygenated perfluorocarbon). Meanwhile, ET-Kyoto solution 
was infused through the main pancreatic duct at the procurement site in the DI group before the two layer method. After preservation, collagenase 
solution with the marking dye was perfused as described in the Methods. Then the pancreas was fixed and analyzed. Dye: a marking dye.
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Discussion

We have demonstrated that the ductal injection substantially 
improved islet isolation and clinical outcomes using both Serva 
collagenase and Liberase HI enzymes.10 In this study, we dem-
onstrated that ductal injection significantly improved islet yield 
when we used Serva collagenase. In addition, the islet yield was 
similar between the Serva DI group and the Liberase MTF DI 
group. Indeed, efficacy of pancreas digestion assessed by undi-
gested tissue volume was significantly improved with Liberase 
MTF. With these positive results, currently we use Liberase MTF 
for all clinical islet isolations. Therefore we performed histology 
study using only Liberase MTF.

Since we did not have no DI group using Liberase MTF for 
islet isolation study, the improvement of islet yield might be due 
to simply Liberase MTF. However, previously we demonstrated 

± 3.2%; inside, 8.2 ± 3.0%, Tail: unreached, 33.5 ± 1.7%; sur-
face, 62.7 ± 1.5%; inside, 3.8 ± 0.3%; p < 0.05 in unreached 
and surface between the no DI and the DI group, respectively;  
Fig. 5D).

Figure 3. Macroscopic appearance of the pancreas before and after collagenase mixed with 1% dye perfusion: the representative pancreas without 
DI (A) and with DI (B) before (left) and after (right) infusion. Tissue samples of the (C) no DI group and (D) DI group for histologic analysis. The dye was 
well distributed macroscopically in all samples.

Table 4. Pancreas weight change after collagenase perfusion

Variable
no DI group  

(n = 5)
DI group 

(n = 5)
p value

Postperfusion pancreas 
weight (g)

157 ± 14 161 ± 19 0.88

Increase of weight (g)* 51 ± 9 44 ± 7 0.65

Ratio of weight increase (%)† 45 ± 10 60 ± 13 0.47

*Postperfusion pancreas weight-preperfusion pancreas weight. 
†Increase of weight/preperfusion pancreas weight x100 (%). DI, ductal 
injection. Data are expressed as mean ± SE. 
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distribution of collagenase because the dye was mixed with col-
lagenase immediately before collagenase delivery. In addition, 
our data in this study better reflect the outcome of human islet 
isolation, in which only few islets were usually over-digested. 
Furthermore, our method in this study was exactly the same as 
in practical human islet isolation. Insufficient delivery of collage-
nase (“unreached” islets) is most likely to lead to embedded islets 
or even a loss of islets because the tissue may not be digested. 
Such embedded islets are known to be difficult to separate from 
exocrine tissue and might be lost during the purification step. 
Therefore, improvement of microscopic enzyme delivery to the 
surface of islets might be the key mechanism to increase islet yield 
by ductal injection. There is a concern that the delivered enzymes 
to the surface of islets might cause over digestion. However, pre-
viously we demonstrated that the DI improved not only islet yield 
but also islet in vitro and in vivo viability.13 In addition, islets have 
extra cellular matrix on their surface, which can work as a bar-
rier against enzymes delivered through pancreatic ducts. Indeed, 
most dye was detected as spreading on the surface of islets and 

that the DI significantly improved islet yield using Liberase HI.13 
Liberase HI and Liberase MTF are similar strong enzymes, there-
fore, we can expect that high islet yield with DI using Liberase 
MTF should be mainly due to the DI.

Next, we examined the effect of ductal injection on collage-
nase distribution using dyed collagenase solution. Ductal injec-
tion significantly improved collagenase distribution. Surprisingly, 
most of the dye-marked collagenase did not reach the surface of 
islets in the no DI group, even though the pancreas was well dis-
tended macroscopically. Although this finding can provide a rea-
son for the low success rate of islet isolation, it contradicts another 
study conducted by Cross et al. showing that infused collagenase 
reached 100% of islets and penetrated into more than half of 
the islets’ interior.15 We speculate several possible reasons for this 
discrepancy. First, Cross et al. used anti-collagenase binding anti-
body to detect collagenase, which might, by its high sensitivity 
and inevitable non-specific binding, overestimate a low-level col-
lagenase that would be negligible for purposes of isolation. In 
contrast, our method using a marking dye should represent real 

Figure 4. Histologic appearance of the distended pancreas of the no DI group (A–C) and the DI group (D–F) after collagenase solution and 1% dye 
infusion. In the DI group, dye was found in almost all lobules. However, in the no DI group, the dye was not found in some lobules. Arrows indicate 
dye-negative lobule (A–C). Magnification: x40. Scale bars: 200 μm. (G) The ratio of the dye-positive lobules to all lobules in Head, Body and Tail parts of 
the pancreas. The DI group had a significantly higher rate in all parts. *p < 0.05.
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Meanwhile, DI using large amount of solution with high 
pressure might damage pancreatic ducts. Especially, when donor 
pancreata were young (less than 30 y old), it was difficult to iso-
late islets even with DI.17 In our preliminary study, when donor 
age was young, low pressure (<100 mmHg) and less volume (0.5 
mL/g pancreas weight) of DI solution improved islet isolation 
outcomes. Therefore, optimal pressure and volume of solution is 
an important research target for the DI.

The optimal solution for ductal preservation and its optimal 
volume are still unknown. In this study, we used a relatively 
large amount (1 mL/g pancreas weight) of ET-Kyoto solution, 
which was reported to have less collagenase inhibitory activity 
than UW solution.13 Indeed, we have shown good isolation out-
comes using this solution for DI.10,11 Previously we compared 
modified ET-Kyoto solution and Celsior solution for pan-
creas preservation before islet isolation and ET-Kyoto solution 
showed significant better outcomes.18 However, the ET-Kyoto 
solution still has some inhibitory effect on collagenase;13 there-
fore, further studies might yield a better ductal preservation 
solution.

few islets had ink inside. It suggests that delivered enzyme to the 
surface of islets may not be harmful to inner islet cells. Excellent 
clinical outcomes with DI could also support that the DI should 
not be harmful to the isolated islets.10-12

Ductal preservation (DI at the procurement site) with large 
amount of ET-Kyoto solution could have several effects: first, 
the infused preservation solution could dilate the ductal system 
at every terminal and keep it open. Well-preserved pancreatic 
ducts might facilitate good distribution of the collagenase solu-
tion in the human pancreas. In fact, we use only single cannula 
for collagenase injection instead of two cannulas, which should 
be indirect evidence of excellent preservation of pancreatic duc-
tal system. Second, a large amount of solution could dilute the 
endogenous proteases in the duct to prevent autolysis. Third, 
cell protective additives including trehalose in ET-Kyoto solu-
tion could distribute throughout the pancreas. Fourth, a large 
amount of DI could wash out general preservation solution such 
as University of Wisconsin (UW) solution, which is widely used 
for organ preservation but was shown to have a collagenase inhib-
itory effect.13,16

Figure 5. A ratio of microscopic distribution of the collagenase. (A–C) The representative figures of the islet in relation to dye delivery: (A) dye did not 
reach the islet (unreached); (B) dye was on the surface of the islet but not inside (surface); (C) dye was inside the islet (inside). Magnification: x400. Scale 
bars: 20 μm. (D) The percentage of islets of three classifications (unreached, surface and inside) in both groups in the three parts of the pancreas. The 
DI group showed a significantly lower rate of ‘unreached’ islets and higher rate of ‘surface’ islets in all parts. The percentage of ‘inside’ islets was not 
statistically different; *p < 0.05.
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(no DI Serva group, n = 3) or with DI (DI Serva group, n = 8). 
These two groups were conducted during the same period. At the 
moment, DI Serva group showed significantly improved isolation 
outcomes. Therefore when a new enzyme blend, Liberase MTF 
(Roche Molecular Biochemicals) was introduced afterward, we 
used it with DI (DI MTF group, n = 7). After the subsequent 
digestion and purification steps, isolated islets were assessed 
based on the Edmonton protocol.2

The study of collagenase distribution with or without ductal 
preservation. In this study, we performed pancreas procurement, 
preservation, transportation and collagenase perfusion steps 
using the same processes as for our clinical islet isolation.10,12,20 
The pancreata were classified into ductal injection (DI) and no 
ductal injection (no DI) groups (Fig. 2). For the DI group (n 
= 5), approximately 1 mL/g pancreas weight of ET-Kyoto solu-
tion was administered intraductally at the procurement site. The 
pressure during ductal injection was measured. For the no DI 
group (n = 5), the ductal injection process was not performed. 
After preservation, the collagenase solution (1 vial of Liberase 
MTF and 1 vial of Thermolysin MTF; Roche) was prepared 
in 200 mL of perfusion solution (Mediatech) and mixed with 
1% marking dye. Infusions were conducted by the recirculation 
method as the speed was adjusted, aiming to maintain pressures 
of 60–80 mmHg for 5 min, increasing to 160–180 mmHg for 
the subsequent 5 min as described previously in reference 9. The 
temperature was kept at 4°C in all procedures. Immediately after 
infusion, the pancreas was weighed and the quality of pancreas 
distension and extent of dye distribution was observed macro-
scopically. The tissue samples (0.5 cm3) were taken from each 
part of pancreatic head, body and tail, where the dye appeared 
to be excellently distributed and fixed with 10% formalin. The 
paraffin-embedded tissue sections (5 μm) were stained with 
hematoxylin and eosin. For quantitative analysis of microscopic 
dye distribution, slides were examined under a microscope; an 
average of 109 ± 13 islets were assessed per section, with 12 differ-
ent sections examined for each part of the pancreas. Images were 
captured using an Olympus BX61 microscope and analyzed with 
cellSense digital imaging software (Olympus).

Statistical analysis. All results are expressed as mean ± stan-
dard error (SE). Statistically significant differences among the 
groups were determined by ANOVA followed by Student’s t-test 
with Bonferroni correction. A p value < 0.05 was considered 
significant.
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In conclusion, ductal preservation immediately after pancreas 
procurement could improve the collagenase distribution. This 
seems the mechanism of ductal preservation for the increasing 
islet yield. Improvement of collagenase distribution could be one 
of the research targets for improving islet isolation.

Materials and Methods

Ethical guidelines. This study and the islet isolation protocol 
were approved by the institutional review board of the Baylor 
Health Care System.

Human pancreas. To mimic clinical situation, donor selec-
tions were performed based on the Edmonton protocol for a clin-
ical-grade pancreas (Table 1).2 Pancreata from brain-dead donors 
were procured through either Southwest Transplant Alliance or 
LifeGift between August 2007 and September 2011. Pancreata 
which were not used for clinical for some reasons were randomly 
allocated for this study. Of note, currently approximately 7,000 
organ donations were occurred every year in the United States 
and only less than 20% of donated pancreata have been clinically 
used.19 In our local areas, approximately 500 organ donations 
occurred every year and we obtained 90 pancreata for research 
purposes during this period (4 y). Therefore, we were fortunate 
to use clinical grade pancreata for this research.

Human islet isolation data with or without ductal preserva-
tion. When we were notified to obtain research pancreata for 
islet isolation using Serva collagenase, we randomly allocated 
the pancreata into with DI and without DI groups. Before pan-
creas procurement, University of Wisconsin (UW) solution or 
SPS-1 (Organ Recovery System) was used for general organ per-
fusion through the aorta in all cases. After the pancreas was pro-
cured, we immediately removed the duodenum and spleen from 
the pancreas and inserted a cannula into the pancreas through 
the main pancreatic duct from the direction of the pancreatic 
head at the procurement site. These processes were performed 
by the Baylor islet team. For the group with ductal preserva-
tion, approximately 1 mL/g pancreas weight of ET-Kyoto solu-
tion (Otsuka Pharmaceutical Factory Inc.,) was administered 
intraductally (DI).11,20 The pressure during ductal injection was 
measured. After completion of ductal injection, the orifice of 
cannula kept open to avoid overpressure to pancreatic duct dur-
ing preservation. For the group without ductal preservation, the 
ductal injection process was not performed. All pancreata were 
preserved by the oxygen-charged static two-layer (oxygenated 
perfluorocarbon/preservation solution) method for less than  
10 h.21

Islet preparations were performed according to good manu-
facturing practice at the Baylor Research Institute cell processing 
facility in Dallas, TX USA. Islets were isolated according to the 
Ricordi method with our modifications.2,10,12,22

After the pancreas arrived at our islet processing facil-
ity, the duct was perfused in a controlled fashion with a 
cold enzyme solution. Collagenase NB with neutral prote-
ases (Serva Electrophoresis GmbH) was used without DI  
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