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Abstract

Objectives—The canine model has been used extensively to improve the human pancreatic islet
isolation technique. At the functional level, dog islets show high similarity to human islets and
thus can be a helpful tool for islet research. We describe and compare 2 manual isolation methods,
M1 (initial) and M2 (modified), and analyze the variables associated with the outcomes, including
islet yield, purity, and glucose-stimulated insulin secretion (GSIS).

Methods—Male mongrel dogs were used in the study. M2 (n = 7) included higher collagenase
concentration, shorter digestion time, faster shaking speed, colder purification temperature, and
higher differential density gradient than M1 (n = 7).

Results—Islet yield was similar between methods (3111.0 + 309.1 and 3155.8 + 644.5 islets/q,
M1 and M2, respectively; P = 0.951). Pancreas weight and purity together were directly associated
with the yield (adjusted R? = 0.61; P = 0.002). Purity was considerably improved with M2 (96.7%
+ 1.2% vs 75.0% * 6.3%; P = 0.006). M2 improved GSIS (P = 0.021). Independently, digestion
time was inversely associated with GSIS.

Conclusions—We describe an isolation method (M2) to obtain a highly pure yield of dog islets
with adequate B-cell glucose responsiveness. The isolation variables associated with the outcomes
in our canine model confirm previous reports in other species, including humans.
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Tislethe canine model has been often exploited to improve human isolations.1-6 Dog islet
isolation procedures have technical difficulties similar to those occurring during isolation of
human islets,” probably due to the similarity in the pancreas anatomy and islet architecture
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between the species. For example, canine and human islets, in contrast to pig islets, are
almost completely encapsulated, with very little direct exocrine-to-endocrine cell-cell
contact.8 Histology studies show similar amounts of collagen in pancreata from humans and
dogs, significantly higher than those from rats.® Importantly, dog B cells occupy large areas
of the islet core as well as the periphery,19 similar to human but not rodent islets.11 At the
functional level, canine and human islets, in contrast to rodent islets, have similar ion-
channel regulation of the electrical activity induced by glucose in p cells!? and thus can be a
helpful tool for islet research.

Dog islet isolations have been performed using either manual®13-14 or automated
methods.13:15.16 The automated method, compared with manual procedures, has been shown
to yield a higher number of islets in different species including dogs,2 pigs,1” and
humans.1® Nevertheless, because of simplicity and lower cost,19 manual methods may be a
good alternative to isolate islets from large nonhuman mammals for research purposes,
because large-scale isolation might not be necessary. However, an optimal isolation method
should guarantee a significant islet yield and, at the same time, minimal damage to islets.
Enzymatic and mechanical disruption of pancreatic tissue during isolation can affect p-cell
response to glucose because of an impairment of the islet architecture, as reported in
dog?0-2! and human studies.?2 Moreover, islet purity, specifically presence of acinar tissue
in the islet yield, has been shown to affect in vitro insulin secretion, at least in rats.23
Therefore, a method that minimizes those potential hazards to isolation outcomes is
desirable. In the present study, we compared 2 manual isolation methods developed in our
laboratory, an initial method and a modified method, the latter in an attempt to improve the
isolation outcomes. Donor- and controlled isolation-related variables were recorded,
enabling us to evaluate the contribution of specific variables to isolation outcomes, including
islet yield, purity, and glucose-stimulated insulin secretion (GSIS).

MATERIALS AND METHODS

Animals

Reagents

Male adult mongrel dogs (1-3 years old) were used in the study. Animals were housed in
kennels at the vivarium of the Keck School of Medicine at the University of Southern
California. This study was approved by the ethics committee of the University of Southern
California and followed an approved Institutional Animal Care and Use Committee
protocol.

CMRL-1066 medium was supplemented with fetal bovine serum (10%, vol/vol), L-
glutamine (2 mmol/L), sodium pyruvate (1 mmol/L), HEPES (10 mmol/L), and antibiotic
(100 U/mL penicillin + 0.1 mg/mL streptomycin). Aforementioned reagents were purchased
from Invitrogen (Carlsbad, Calif). Cold (4°C) Hanks balanced salt solution (HBSS) without
any supplement was used to reconstitute the enzyme collagenase. For each isolation, HBSS
was supplemented with 4% bovine serum albumin (wt/vol), the pH adjusted to 7.4, and the
solution kept on ice for all the subsequent steps throughout the isolation. Polysucrose/
sodium diatrizoate solution (PS-D, available as Histopaque, Sigma-Aldrich, St Louis, Mo)
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was used for islet purification, warmed up to room temperature before use. Krebs-Ringer
bicarbonate buffer modified with HEPES (KRBH) contained 140 mmol/L NaCl, 3.6 mmol/L
KCI, 0.5 mmol/L NaH,PO4-H,0, 0.5 mmol/L MgSOg4:-7H,0, 1.5 mmol/L CaCl,-2H,0, 2
mmol/L NaHCO3, 10 mmol/L HEPES, 0.1% bovine serum albumin, and 3 mmol/L glucose.
Diphenylthiocarbazone (dithizone) was used for islet staining and was prepared as
previously described?4 with some modification. Briefly, dithizone (10 mg) was mixed with
pure ethanol (25 pL) and dissolved in 1 N NaOH (50 pL) and 0.9% NaCl (10 mL), then
filtered with a 0.8/0.2-um syringe filter (Pall Corporation, Cornwall, UK) and used fresh.
Fluorescein diacetate and propidium iodide were dissolved in dimethyl sulfoxide, aliquoted
and stored at —20°C. Unless otherwise specified, all chemicals and reagents were purchased
from Sigma-Aldrich (St Louis, Mo or Milwaukee, Wis).

Pancreas Resection

Surgery was performed under general anesthesia. Dogs were anesthetized with sodium
thiopental (1.3-1.6 mg/kg, intravenously), and anesthesia was maintained with 3%
isoflurane (Abbott Laboratories, North Chicago, Ill). After a median incision in the
abdomen, the distal portion of the pancreas and its supplying vessels were carefully
dissected. The main supplying pancreatic vessels (splenic and pancreatoduodenal) and the
pancreas, in that order, were clamped, and then the pancreas was cut transversally (~10 cm
distal from the tip) and immediately immersed in HBSS (4°C). After pancreas resection,
dogs were killed under anesthesia with pentobarbital sodium plus phenytoin sodium (Virbac
AH, Inc, Forth Worth, Tex). All the surgeries were performed by the same team (O.O.W.
and E.L.K.).

Islet Isolation

Comparison of initial (M1, n = 7) and modified isolation methods (M2, n = 7) was carried
out in islets from dogs used in a diet-induced obesity model project. Dogs were fed a
hypercaloric high-fat diet (~5000 kcal/d, 55% from fat) until the day before the isolations
(18.3 + 1.6 [SEM] and 17.6 £ 3.0 weeks, M1 and M2, respectively). Body weight at the time
of the pancreas excision was recorded only in the M2 group (33.7 £ 1.2 kg, n = 7); therefore,
body weight was not considered in the regression analysis.

After 2 to 5 minutes in HBSS, the resected pancreas was weighed and cannulated with a 24-
gauge Teflon catheter (Terumo, Somerset, NJ), after which collagenase solution (~1 mL/g of
tissue) was manually injected at a rate of ~10 mL/min. The distended portion was separated
and immersed in a polyethylene vial containing collagenase solution (0.5 mL/g of distended
tissue) and kept on ice. The nondistended portion was discarded. The concentration of
collagenase solution depended on the method as indicated in Table 1. Digestion started ~10
minutes after distension, performed in a shaking water bath at 37°C, at variable rates and
times (Table 1). Digestion was stopped with 20 mL of HBSS. Tissue was teased for 1 to 5
minutes, depending on the percentage of digestion, and washed 3 times with 50 mL of
HBSS for 10 seconds at 100g at 4°C. The pellet was suspended in HBSS and passed 3 times
through a 14-gauge needle. The tissue was then gently sieved through a 243-um nylon mesh
(Wildco, Buffalo, NY) into a 95-mm dish containing HBSS. The remnant tissue was
immediately resuspended in HBSS and passed once through a 19-gauge needle, then sieved

Pancreas. Author manuscript; available in PMC 2015 May 07.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Woolcott et al.

Page 4

through a 500-pm nylon mesh (Wildco) to a different dish containing HBSS. The residual
tissue was discarded.

Thence, the sieved tissue obtained with each mesh was processed in separated 50-mL tubes
(2 preparations for each dog isolation). The tissues were washed for 10 seconds at 100g
(4°C) twice and for 10 seconds at 200g (4°C) once. The pellets were resuspended and gently
homogenized with 15 mL of PS-D § = 1.119 g/mL and slowly layered on top with 10 mL of
PS-D of different densities, either 1.083 or 1.077 g/mL. For M1, we used 6 = 1.083 for the
first preparation and & = 1.077 for the second preparation. For M2, we used 6 = 1.077 for
both preparations. Finally, 10 mL of HBSS (8 = 1.008 g/mL) was layered on top to build the
3-layer density gradient in each tube. The islet purification was performed at 7509 in a
centrifuge CR422 (Jouan, Winchester, VVa) for 10 minutes without braking. Islets were
handpicked from the top interface with glass Pasteur pipettes (Corning Inc, Corning, NY)
and transferred to a tube containing HBSS. At this step, five 50-uL aliquots (dilution =
1:500) from each preparation were collected to assess the islet yield. The purified islet
suspensions were washed for 10 seconds at 200g (4°C), then resuspended in HBSS. Both
islet suspensions were additionally washed twice by manual pipetting onto 60-mm Petri
dishes containing 10 mL of HBSS, and representative digital images were taken to assess the
purity. Finally, islets were cultured in supplemented CMRL-1160 medium (pH 7.4) at 37°C,
5% CO,.

All the isolations with M1 were performed within a period of 10 weeks, using 2 vials of
collagenase V (lot no. 047K7680, 563 collagenase digestion units [CDUs]/mg, for 6
isolations; and lot no. 026K8639, 517 CDUs/mg, for 1 isolation). All the isolations with M2
were performed within a period of 8 weeks, using 2 vials of collagenase of the same lot
(077K8628, 593 CDUs/mg). Each dog islet isolation with M2 required less than 3 hours
from the time of the abdominal incision until islet culture. All the isolations were performed
by the same investigator (O.O.W.).

Islet Morphometry

Islet yields estimated from both preparations were summed to estimate the total number of
islets per gram of tissue. Islet count (performed by the same examiner) was performed with
an inverted microscope CKX41 (Olympus, San Diego, Calif) coupled to a camera Qicam
Fast 1394 (Qimaging; Surrey, British Columbia, Canada), using a 4x lens objective
(UplanFL N 0.13 Php; Olympus), with the help of a calibrated scale bar displayed on a PC
screen using the software Image-Pro Express 5.1.0.12 (Media Cybernetics, Inc, Bethesda,
Md). Islets smaller than 50 pm (maximum diameter) were excluded for manual count. We
also captured images from the same aliquots to determine more accurately the mean
diameter (mean geometric diameter, vab) of each islet obtained from the major (a) and
minor (b) diameters of the ellipse of equivalent area to the islet area calculated with the
software ImageJ 1.4 g (National Institutes of Health). The mean geometric diameter was
used for all calculations. The number of islet equivalents (IEQ, standard normalization of
islet size to a 150-um-diameter sphere) was estimated according to the conversion factors for
each 50-um mean diameter ranges, as previously described.?%:26 |slets smaller than 2000
um? were excluded from automatic count. From these data, we also analyzed the frequency
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of islet size distribution and the islet volume, excluding islets with a mean geometric
diameter less than 50 um. For the estimation of the volume, islets were assumed to have a
prolate spheroid shape.

Yield purity (%) from each preparation was estimated from the ratio obtained of the total
number of islets (from 1 representative image) to the sum of (1) single exocrine fragments
(>30 um, arbitrarily chosen), (2) ductal tissue fragments, (3) lymph nodes, and (4) islets. The
purities of the 2 preparations in each dog were averaged to obtain the total purity for each
isolation.

Islet Viability

Islet Viability Stain—Fluorescein diacetate (0.67 pmol/L) and propidium iodide (75
pumol/L) were used to determine cell membrane integrity of pancreatic cells as previously
described.2” Green- and red-stained cells (viable and nonviable, respectively) were detected
with a fluorescence inverted microscope (1X70; Olympus).

Islet Static Incubation—After 24-hour culture, islets were washed by transferring them
sequentially to 2 different dishes containing preincubated (37°C) basal KRBH (3 mmol/L
glucose, pH 7.4). Then, batches of 10 to 15 islets (~100-200 pm) were handpicked and
transferred to 4 independent wells (results were the mean of the 4 replicates) of a 24-well
nontreated culture plate (Corning Incorporated Life Sciences, Lowell, Mass) containing 1
mL of preincubated basal KRBH. For M1, we used islets from the preparation purified with
PS-D § = 1.077 (Table 1); for M2, before islet handpicking, both preparations purified with
PS-D 6 = 1.077 were first combined. The plate was incubated at 37°C, 5% CO», for 1 hour,
then 200 pL of buffer was collected from each well and stored at —80°C. Glucose 50% (B/
Braun, Irvine, Calif) was added to each well so the final glucose concentration was 15
mmol/L, and islets were incubated for 1 additional hour. After the stimulation period, 200
pL of buffer was collected and stored at —80°C. GSIS was expressed as the stimulation
index: ratio of the insulin secreted ([pmol/L]/islet/h) during 15 mmol/L glucose stimulation
to the insulin secreted with 3 mmol/L glucose.

Islet Perifusion—After 24- to 48-hour culture, 30 to 50 islets were hand-picked and plated
onto 15-mm glass coverslips coated with poly-L-lysine (Sigma-Aldrich). Islets were
incubated for 30 minutes at 37°C and 5% CO,, and then supplemented CMRL was added to
culture them for 24 hours. Coverslips were transferred to a perifusion chamber RC-20H
(Warner Instruments, Hamden, Conn), and islets were perifused at 200 pL/min with basal
KRBH using a peristaltic pump (Ismatec SA, Glattbrugg, Switzerland). The whole system
was kept at 37°C with a dual-channel temperature controller TC344B (Warner Instruments).
After a 60-minute equilibrium period, islets were stimulated with 15 mmol/L glucose for 45
minutes, then switched to basal KRBH for 30 minutes. Samples were taken every minute
starting 5 minutes before stimulation until 10 minutes after stimulation, followed by 2-
minute sampling until minute 40, and then 5-minute sampling until the end of the
experiment. B-cell function was expressed as [pmol/L]/islet and as percentage increases of
insulin release (during stimulatory conditions) from baseline (at 3 mmol/L glucose).
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Insulin Assay

Insulin was determined by enzyme-linked immunosorbent assay (human insulin kit;
Millipore, St. Charles, Mo), using dog insulin (Novo Nordisk, Bagsvaerd, Denmark) to
make the standards and dog plasma as quality controls. All samples were assayed in
duplicate.

Statistical Analyses

RESULTS

All data were expressed as means + SEM. Two-way t test for independent samples or one-
way analysis of variance (ANOVA) (when appropriate) was used to compare differences
between M1 and M2 groups. Multiple regression analysis was used to identify the variables
associated with the isolation outcomes, including islet yield (islets/g of pancreas), yield
purity, basal insulin secretion, and GSIS. The variables included for analysis of the isolation
outcomes were the isolation method (categorical variable that included collagenase
concentration [CDUs/mL], lot of collagenase, shaking speed, purification temperature, and
type of gradient), duration of high-fat diet, amount of collagenase solution injected (mL/g of
pancreas), distension of the pancreas (%), net collagenase activity (CDUs/g of pancreas),
time of digestion, time of teasing, weight of the pancreas, and yield purity. We excluded the
type of gradient for the analysis of the basal insulin and GSIS outcomes because assessment
of insulin secretion was done only in islets purified with PS-D 6 = 1.077. All analyses were
performed using Statistica (StatSoft Inc, Tulsa, Okla). P < 0.05 was considered statistically
significant.

Islet Morphometry

Most of the fresh islets had the appearance of brown spheroids, confirmed with dithizone
(40-100 pL/mL). Islets initially did not have regular edges, but a more compact shape was
apparent after 24-hour culture, indicating recovery after isolation (Figs. 1A-E). In a subset
of isolations performed with M2 from fat-diet—fed dogs (n = 5, body weight: 34.0 = 1.7 kg),
we assessed the islet size using a computerized algorithm in ImageJ. Islets had a mean
geometric diameter of 157.9 = 1.9 um, and the largest islet had a mean diameter of 356.8 um
(from a total of 644 islets analyzed). Islet size between 125 and 175 pm represented 42.2% +
2.7% of the population (Fig. 2). The mean islet volume was estimated in 2.26 x 1073 + 0.09
pL with a wide range (0.07-21.75 x 1073 pL).

Islet Yield and Purity

After purification, cleaved islets were located virtually only in the upper interface. M1 and
M2 yielded similar total number of islets (3111.0 + 309.1 vs 3155.8 + 644.5 islets/q,
respectively; P = 0.951) (Fig. 3A). The number of IEQ/g yielded with M2 (n = 5) was
3653.3 £ 1073.0 (Fig. 3B). Weight of the pancreas was the only variable independently
associated with the total islet yield (r = 0.68; P = 0.008). Multiple regression analysis
showed that the weight of the pancreas (partial correlation = 0.82; § = 1.1; P < 0.001) and
the purity of the yield (partial correlation = 0.63; p = 0.63; P = 0.022) together were directly
associated with the islet yield (adjusted R2 = 0.61; P = 0.002).
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The purity of the yield was significantly higher with M2 compared with M1 (96.7% + 1.2%
[92.3%-100%] vs 75.0% + 6.3%; P < 0.001; Fig. 3C). We found that PS-D & = 1.077, when
used with M2, was superior (96.7% * 1.2%) to § = 1.083 used with M1 (71.1% + 6.7%; P =
0.012, ANOVA), but not significantly different to 6 = 1.077 used with M1 (79.0% = 6.8%; P
=0.584, ANOVA). Purity was independently associated with net collagenase activity
(CDUs/g, r = 0.64; P =0.013), time of digestion (r = —0.68; P = 0.008), and weight of the
pancreas (r = —0.68; P = 0.007). High collagenase concentration, fast shaking speed, cold
purification, and PS-D & = 1.077 together (isolation method) accounted for the improvement
in the purity of the yield (adjusted R2 = 0.44; B = 0.70; P = 0.006). Inclusion of weight of the
pancreas in the model resulted in an improvement of the association (adjusted R2 = 0.58; P =
0.004), although this variable did not reach statistical significance independently (partial
correlations: 0.58 [P = 0.04] and —0.55 [P = 0.051], isolation method and weight of the
pancreas, respectively). Nevertheless, the last model indicates that there is a trend to a lower
purity when the weight of the pancreas is higher.

Islet Viability

Islet Viability Stain—Fluorescent stain with fluorescein diacetate and propidium iodide,
the current international standard to assess islet viability,28 showed integrity of the plasma
membrane of pancreatic cells from islets isolated with M2. Only a small fraction of cells
were not viable, particularly in the core (Fig. 1F).

Islet Static Incubation—Within-assay coefficient of variation of the insulin samples
analyzed was 4.02% = 0.6%. We found no differences in basal insulin secretion between M1
and M2 (3.5 + 1.2 and 2.6 £ 1.2 [pmol/L]/islet/h, respectively; P = 0.566). There was no
correlation between basal insulin secretion and other variables. Interestingly, islets isolated
with M2 showed a 3-fold improvement in GSIS compared with those isolated with M1
(stimulation index: 11.5 + 2.9 vs 3.4 £ 1.0; P = 0.021). Glucose-stimulated insulin secretion
was inversely associated with the time of digestion (r = -0.61; P = 0.021). High collagenase
concentration, fast shaking speed, cold purification, and PS-D & = 1.077 together accounted
for the higher GSIS (adjusted R2 = 0.32; p = 0.61; P = 0.021).

Islet Perifusion—A separate group of dogs (n = 3; body weight, 28.2 + 1.7 kg) was used
to further evaluate viability of islets isolated with M2 by exploring the phases of insulin
response to glucose. Islets stimulated with 15 mmol/L glucose secreted insulin in a biphasic
manner (Fig. 4). The first peak of insulin secretion during high glucose stimulation showed
an increase by 397.0% * 140.0% of the baseline, whereas the area under the curve of insulin
release throughout the stimulation period showed an increase by 222.3% + 53.8%.

DISCUSSION

Islet Morphometry

As previously reported,?? fresh isolated dog islets had the appearance of spheroids, of brown
color, with irregular edges. The highest frequency of islets had a diameter between 100 and
150 pm (Fig. 2). Similar islet size frequency distribution has been reported in lean mongrel
dogs.30 In contrast, other studies found a predominant islet size between 50 and 100 pm in
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beagle3! and mongrel dogs.32 Because a higher peak of distribution frequency of less than
100 pm has been associated with islet fragmentation during isolations in dogs33 and rats,34 it
is likely that the modified isolation method in the present study caused minimal islet
fragmentation.

Islet Yield and Purity

After purification, we obtained a yield ~3600 IEQ/g (~3200 islets/g) with M2. Our results
are similar to those in previous dog islet studies using manual isolation methods,113 but not
superior to yields obtained with automated methods. 3538 However, the fact that islets were
isolated from the distal region of the pancreas from high-fat—fed animals might have
contributed in part to the high yield, because the distal region has been shown to have a
higher islet density in dogs®! and data from human studies have shown that body weight is
directly correlated with islet yield.37-38 Nevertheless, we found no correlation between islet
yield and the duration of the high-fat diet.

Weight of the pancreas and purity of the yield together were directly associated with the
yield. Because purity was also directly associated with the yield in our study, it suggests that
improvements in the purity of the yield might contribute to obtain a higher islet yield.
Similar association between prepurification islet yield and purity has been found in
nonhuman primate isolations.39 Interestingly, we were able to reach a yield purity of ~97%
(92.3%-100%) using M2, superior to those reported with previous dog islet isolation
methods (46%-90%).3:13.15.40 However, in our study, we picked up islets only from the
upper interface, which has been reported to contain more purified islets compared with
lower interfaces.*! Nevertheless, there were few islets in lower interfaces and few very
small islets trapped in the pellet (personal observation).

The isolation method (high collagenase concentration, lot of collagenase, fast shaking speed,
cold purification and gradient of § = 1.077) and the weight of the pancreas together
accounted for the variability of the purity. It is possible that a bigger differential among
solution densities used for the purification might have contributed to the better separation of
islets from exocrine tissue in M2 compared with M1, because these factors have been shown
to influence the differences in the density of both tissues in human islet isolations.*2
However, given that there was no difference between § = 1.077 and & = 1.083 densities
using the same method (M1), together these results suggest that other isolation variables
might have also contributed to these differences. It should be noted that although the lot of
collagenase was different between both methods, it is uncertain if that contributed to the
differences in the isolation outcomes, particularly in the yield, as previously reported.*3
However, we observed a marked intralot variability in M2 in terms of islet yield. Variations
in enzyme content between and within lots of collagenases, even in purified preparations,
have been reported by several groups.*3-46 We speculate that higher concentrations of
collagenase in M2 compared with M1 might have led to a more pronounced effect of other
existing enzymes in the collagenase preparations such as clostripain, trypsin, and neutral
proteases (specified by the manufacturer) on islet isolation, contributing to better yields in
some isolations or resulting in lower yields in others, due to overdigestion, as previously
reported.?”48 For human islet isolations, low amounts of endogenous pancreatic enzymes

Pancreas. Author manuscript; available in PMC 2015 May 07.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Woolcott et al.

Page 9

can remain active throughout the isolation process*?; if this occurs in canine islet isolations,
it might have also influenced in part our results. Alternatively, the presence of intraislet
collagenase remaining after stopping digestion as demonstrated in human islets after ductal
injection of the enzyme>0 could also explain the higher variability of islet yield with M2,
because injected collagenase concentration was higher in M2. Finally, intradonor features
are important in islet yield outcomes®!; however, in the present study, there were no
significant differences in donor-related variables, nor did the regression analysis show any
correlation with islet yield; therefore, we consider it unlikely that those variables accounted
for islet yield variability with M2.

As mentioned before, weight of the pancreas together with the purity of the yield was
directly associated with the islet yield. M2 effectively separated most of the islets from the
exocrine tissue. Whether improvement in the yield purity in human islet isolations could
lead to greater islet yields needs to be explored, because our method of islet purification
differs from the semiautomated process used in human islet isolation.52:53

Islet Viability

Fluorescent staining showed a low proportion of nonviable cells in islets isolated with M2,
even after 48-hour culture (Fig. 1F). It should be noted that the utility of fluorescein
diacetate and propidium iodide has been questioned by some researchers,>* arguing that
fluorescein produces intense staining that obscures the propidium iodide stain. Nevertheless,
we also assessed islet quality by testing B-cell function in response to high glucose
concentrations, which is considered under the current guidelines for human islet assessment
pretransplantation.18:28 Basal insulin secretion rates during static incubation were similar
between M1 and M2 (~2.6 and ~3.5 [pmol/L]/islet/h, respectively) despite differences in
time of digestion. These results do not appear to reconcile with a previous rodent study
showing a direct correlation between both variables.>> However, although the time of
digestion was more prolonged in the case of M1, compared with M2, the net collagenase
activity per gram of tissue was less in M1.

Islets isolated with M2 showed a higher GSIS during static incubation compared with islets
isolated with M1 (stimulation index, 11.5 vs 3.4), even under the same high-fat-diet
conditions. Because the present study is the first report of -cell function in vitro in high-fat—
fed dogs, we cannot compare our data with other studies. Regression analysis showed that
the variables controlled in the isolation method were associated with GSIS. In addition, we
found that the time of digestion was inversely associated with GSIS. This last finding is
consistent with a previous human islet study showing a higher GSIS with shorter exposure
to enzyme digestion.38 Together, these results highlight the importance of reducing the time
of digestion during isolation. To further assess the viability of islets isolated with M2, we
measured changes in insulin secretion in perifused islets during a continuous stimulation
with 15 mmol/L glucose. Islets secreted insulin in a biphasic manner (Fig. 4), as typically
reported in human islets in vitro.%6:7 Despite the use of several tests to assess islet quality
(for details, refer to Papas et al?8), it is debatable whether the existing tests can predict islet
transplant outcomes.>1:58:59 More recently, a new method has been reported to assess islet
viability based on quantification of insulin mRNA to predict islet transplant outcomes in
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streptozotocin-induced diabetic mice.59 Both insulin released over 16-hour culture period
and insulin MRNA predicted blood glucose levels on day 21 after transplantation.

In summary, this study provides 2 main findings. First, we report a simplified manual dog
islet isolation method (M2) that results in a highly pure yield of islets with good p-cell
glucose responsiveness. The approach is more consistent than previous dog islet isolation
protocols, and the islets show a good B-cell response to stimulatory glucose concentrations
in vitro. Second, analyses of the donor- and isolation-related variables in our canine model
confirm previous findings from human studies. The purity of the yield and the weight of the
pancreas together were directly associated with the islet yield. High collagenase
concentration, fast shaking speed, cold purification, and high differential gradient together
accounted for the improvement of the yield purity. B-cell response to glucose was also
associated with changes in the isolation method. Time of digestion was inversely associated
with GSIS.

Despite anatomical and structural similarities between human and dog pancreata,
extrapolation of our results to human isolations, such as by the current standard method
developed by Ricordi et al 1 should be done with caution. Our study was conducted with a
small sample size. However, the results were obtained under conditions more ideal than
those normally attainable in studies of human isolations. In particular, the canine population
we used was of relatively homogenous age, and the islet isolations were performed
immediately after pancreas procurement in heart-beating animals. Donor age, pancreas
procurement, and preservation are known to have major effects on the outcomes of human
islet isolations.52:63 Pancreas preservation, particularly time of ischemia, correlates with islet
functionality and islet yield.63-65

In conclusion, our manual isolation method M2 may be used to obtain dog islets of
consistent, highly pure yield and that retain f-cell glucose responsiveness, as would be
appropriate for islet research. The isolation variables associated with the outcomes in our
canine model confirm previous reports in other species, including humans.
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FIGURE 1.
Pancreatic islets isolated from high-fat—fed dogs. A, Fresh isolated islets with the initial

method (M1) after purification with polysucrose/sodium diatrizoate (PS-D). B, Islets from
the same preparation as in A, stained with the zinc chelator dithizone. C-F, Representative
images of islets isolated with the modified method (M2), after purification with PS-D. C,
Fresh islets shown after purification. D, Islet stained with dithizone. E, Islets after 24-hour
culture in CMRL medium at 37°C. Note the appearance of a more compact islet shape after
culture (visual magnification of 100x). F, Viability stain with fluorescein diacetate and
propidium iodide in islets cultured for 48 hours. Green stain indicates cell membrane
integrity, whereas red stain represents nonviable cells. Arrows and arrowheads indicate
exocrine and ductal tissue, respectively. Scale bar: 200 um, for all insets.
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Frequency distribution of the size of islets isolated from high-fat—fed dogs using the
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modified isolation method (M2). Islets between 100 and 200 pum represent ~75% of the total
population. Columns represent mean values (n = 5) £ SEM.
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Yield and purity after gradient purification of pancreatic islets from high-fat—fed dogs. A,
Total number of islets yielded with the initial isolation method (M1, n = 7) and the modified
isolation method (M2, n = 7). B, Yield of islets expressed as IEQ (size normalized to 150-
um-diameter sphere) isolated with M2 (n = 5). C, Purity of the yield with M1 (n = 7) and
M2 (n =7). In each panel, horizontal bars indicate the mean values; plots (circles, triangles,
and squares) represent individual values of each dog.

Pancreas. Author manuscript; available in PMC 2015 May 07.

P<0.001
o L vy
0@
—oo
O
M1 M2



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Woolcott et al.

Page 17
35 Glucose 15 mmol/L
3.0+
gc
*g g 2.5+
—~ 2.0
® =
= © 1.5
= £
2 2 1.0+
=
- 0.5
0.0 ] ] |} L} L}

Time (min)

FIGURE 4.
Perifusion of dog pancreatic islets isolated with M2. Trace shows the typical experimental

biphasic insulin secretion in response to 15 mmol/L glucose of islets cultured for 72 hours.
Stimulated insulin secretion returns to baseline (dashed) after switching to 3 mmol/L
glucose.
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TABLE 1

Comparison of Isolation Variables Between Both Methods

Initial Method (M 1)

Modified Method (M2)

n=7 n=7 P
Collagenase concentration, CDUs/mL 2550 3800 —
Collagenase injected, mL/g 0.96 £ 0.02 1.0+0.01 0.102
Net collagenase activity, CDUs/g 3100.2 + 354.7 4729.2 £ 4235 0.012
Pancreas distension, % 83.6+6.4 93.6+5.6 0.265
Pancreas weight, g 54+04 45+0.3 0.082
Shaking speed, cycles/min 88 300 —
Time of digestion, min 444 +0.8 29.4+05 <0.001
Time of teasing, min 40+04 24+03 0.003
Gradient density, g/mL" 1.119/1,083/1.008 and 1.119/1.077/1.008 1.119/1.077/1.008 —
Purification temperature, °C 22 4 —

*
See text for further details.
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