Original Article

Cell Transplantation

2017, Vol. 26(11) 1733-1741

© The Author(s) 2017

Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0963689717727544
journals.sagepub.com/home/cll

®SAGE

Quantifying the Effects of Different Neutral
Proteases on Human Islet Integrity

Heide Brandhorst'**3, Paul R. V. Johnson'?*,
Olle Korsgren3, and Daniel Brandhorst'%3

Abstract

Efficient islet release from the pancreas requires the combination of collagenase, neutral protease (cNP), or thermolysin (TL).
Recently, it has been shown that clostripain (CP) may also contribute to efficient islet release from the human pancreas. The
aim of this study was to evaluate the impact of these proteases on human islet integrity in a prospective approach. Islets were
isolated from the pancreas of 10 brain-dead human organ donors. Purified islets were precultured for 3 to 4 d at 37 °C to
ensure that preparations were cleared of predamaged islets, and only integral islets were subjected to 90 min of incubation at
37 °C in Hank’s balanced salt solution supplemented with cNP, TL, or CP. The protease concentrations were calculated for a
pancreas of 100 g trimmed weight utilizing 120 dimethyl-casein units of cNP, 70,000 caseinase units of TL, or 200 benzoyl-L-
arginine-ethyl-ester units of CP (| x). These activities were then increased both 5x and 10x. After subsequent 24-h culture in
enzyme-free culture medium, treated islets were assessed and normalized to sham-treated controls. Compared with controls
and CP, islet yield was significantly reduced by using the 5x activity of cNP and TL, inducing also fragmentation and DNA
release. Viability significantly decreased not until adding the | x activity of cNP, 5x activity of TL, or 10x activity of CP.
Although mitochondrial function was significantly lowered by | x ¢NP and 5x TL, CP did not affect mitochondria at any
concentration. cNP- and TL-incubated islets significantly lost intracellular insulin already at | x activity, while the 10x activity
of CP had to be added to observe a similar effect. cNP and TL have a similar toxic potency regarding islet integrity. CP also
induces adverse effects on islets, but the toxic threshold is generally higher. We hypothesize that CP can serve as supple-
mentary protease to minimize cNP or TL activity for efficient pancreas digestion.
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supplementary neutral protease (NP) extracted from Clostri-
dium histolyticum (cNP) or Bacillus thermoproteolyticus
rokko (thermolysin [TL]) to degrade different collagen

Introduction

Over the last decade, human islet transplantation has become
established as a successful procedure to treat life-threatening
hypoglycemia unawareness in patients with type 1 diabetes
unresponsive to conventional medical treatment.'* How-
ever, the variability and inconsistency of human islet isola-
tion remain a challenge, as it is rarely possible to use a single
donor pancreas per recipient to achieve islet graft longevity
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preventing islet transplantation from being made more
widely available.” Whereas this partly relates to the intrinsic
variability of the human donor pancreas,””’ the variability
between different enzyme batches and also between differ-
ent enzyme products significantly contributes to the incon-
sistency of human islet isolation outcome.®’

The aim of enzymatic pancreas digestion is to ensure
maximal liberation of morphologically intact islets from the
surrounding acinar tissue. This requires the synergistic inter-
action between collagenases class I and class II and a
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Table I. Protease Activities.

Clostripain (Benzoyl-L-Arginine-

Neutral Protease Thermolysin

Activity n Control (HBSS) Ethyl-Ester-U/mL) (Dimethyl-Casein-U/mL) (Caseinase-U/mL)
I-Fold 10 — 0.67 0.4 233
5-Fold 10 — 335 2.0 1,167
10-Fold 10 — 6.70 4.0 2,333

structures during pancreas digestion.'® Recently, it has also
been shown that the tryptic-like activities from Clostridium
histolyticum (clostripain [CP]) may also contribute to effi-
cient islet release from the human pancreas.''"'? Therefore,
the important debate about the ideal composition of
enzyme blends for human pancreas digestion is still
ongoing, with specific focus currently on the selection of
the most effective supplementary type of neutral pro-
tease.'® Previous studies clearly demonstrated that neutral
protease have an important function in the interaction
between collagenases class I and class II'*'® and are par-
ticularly crucial for the integrity of isolated islets. Obser-
vations in rat and human pancreases indicated a dose-
dependent detrimental effect of these enzymes on the mor-
phological and functional viability of isolated islets. 416718

A large-scale study analyzing nearly 200 human islet iso-
lations found that islets isolated with a TL-containing enzyme
blend have a lower functional potency than islets isolated by
means of clostridial cNP.'® The less harmful effect of cNP on
human islet isolation outcome was confirmed by another com-
prehensive report when compared to supplementation with
TL."* Nevertheless, the multiplicity of factors that vary
between the different enzyme blends assessed makes it diffi-
cult to draw firm conclusions from both studies.

To the best of our knowledge, no prospective study has
been undertaken so far to directly compare the effect of
different supplementary NPs on human islet integrity. The
aim of the present study therefore was to evaluate the impact
of different activities of cNP, TL, and CP on the viability and
survival of isolated and precultured human islets.

Materials and Methods
Human Islet Isolation

Human pancreases with appropriate research consent and
ethical approval were retrieved from 10 brain-dead human
multiorgan donors. In situ cold perfusion was performed
with University of Wisconsin solution (ViaSpan?, DuPont
Pharmaceuticals Ltd., Hertfordshire, UK; n = 6) or with
histidine—tryptophan—ketoglutarate (Custodiol, Kohler
Chemie GmbH, Alsbach, Germany; n = 4). The donors
(3 female/7 male) were characterized by an age of 58 + 4
years, a body mass index of 24.5 + 1.4, and a cold ischemia
time of 13.1 + 2.2 h.

After arrival in the central islet isolation facility in
Uppsala, Sweden, pancreases were processed by the same

isolation team using standard techniques as previously
described in detail.?* This involved intraductal infusion of
collagenase NB1 and cNP (Serva/Nordmark Arzneimittel
GmbH & Co. KG, Uetersen, Germany) and density-
gradient purification. Purified islets were then cultured for
3 to 4 d in normal air at 37 °C in bicarbonate-free Connaught
Medical Research Laboratories (CMRL) 1066 supplemented
with 25 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES), 1 mM pyruvate, 10 mM nicotinamide (PAA,
Pasching, Austria), 10% fetal bovine serum, 2.5 mM
L-glutamine, 100 U/pg/mL penicillin—streptomycin (Thermo
Fisher, Stockholm, Sweden), and 20 ug/mL ciprofloxacin
(Bayer, Leverkusen, Germany) to ensure that preparations
were cleared of predamaged islets and only integral islets
subjected to 90 min of protease incubation. Following pur-
ification and after islet culture, islet yield was determined in
a standardized procedure converting islet yield to islet
equivalents (IEQ) with an average diameter of 150 pm. Iso-
lated islets were distinguished from exocrine tissue using
insulin-specific dithizone staining (Sigma-Aldrich AB,
Stockholm, Sweden).?!

Islet Treatment

After culture, recovered islets were seeded as 500 IEQ-
aliquots into 6-well plates equipped with 8 um pore-sized
inserts (Costar, Sigma-Aldrich) and incubated in 3 mL of
bicarbonate-free Hank’s balanced salt solution (HBSS,
PAA) supplemented with different activities of CP, cNP
(Serva), or TL (Roche Diagnostics, Mannheim, Germany).
All enzymes were provided in premium grade. The enzy-
matic activity added per islet aliquot (Table 1) was calcu-
lated on the basis of a human pancreas of 100 g trimmed
weight which is perfused with a volume of 300 mL HBSS
supplemented with 2,000 Wuensch units 4-Phenylazoben-
zyloxycarbonyl (PZ-U) of collagenase activity. Depending
on the enzyme manufacturer’s recommendations or
experience-based preferences, collagenase could be supple-
mented with 120 dimethyl-casein units of cNP,'! 70,000
caseinase units of TL,?* and/or 200 benzoyl-L-arginine-
ethyl-ester (BAEE) units of CP.'""'? These activities were
additionally increased 5- and 10-fold to evaluate the toxic
potency of supplementary proteases within a broad range
(Table 1). Islets incubated in plain HBSS served as sham-
treated controls. After 90 min of incubation at 37 °C in an
incubator feeded with normal air as atmosphere, enzyme-
treated islets were transferred to 6-well plates filled with
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Fig. 1. Representative images for scoring islet morphology with
respect to fragmentation (left panel, B, C, and D) and aggregation
(right panel, E, F, and G). Nonaffected islets are shown in Fig. |A.

3 mL of fresh culture medium supplemented as described
above and cultured for 24 h at 37 °C in normal air prior to
islet characterization.

Islet Characterization

After enzyme treatment and subsequent 24-h culture as
described above, remaining islets were harvested and quan-
tified as IEQ. Islet morphological integrity was individually
categorized by 3 examiners according to a semiquantitative
fragmentation score from 0 (no fragmentation) to 3 (exten-
sive fragmentation) using a blind design. After assessment,
the average of the individual scores was calculated. Repre-
sentative images for the different fragmentation scores are
shown in Fig. 1A-D. Islet viability was measured using
Syto-13 (Invitrogen-Molecular Probes, Stockholm, Sweden)
and ethidium bromide (Sigma-Aldrich) for staining of viable
and dead cells, respectively.?® Briefly, 30 to 40 islets were
collected into a 2 mL microcentrifuge tube. After sedimenta-
tion in phosphate-buffered saline (PBS) by normal gravity,
supernatant was removed and replaced by 10 pL of 25 uM
Syto-13 and 10 pL of 50 uM ethidium bromide prior to incu-
bation in the dark for 3 min. After duplicate washing with
PBS, stained islets were resuspended in 200 pL of PBS and
transferred as duplicate samples of 100 pL each in a black 96-

well plate. The fluorescence of Syto-13 and ethidium bromide
was quantified against PBS as background at 485/535 nm and
510/595 nm, respectively, using a fluorometric plate reader.

After sonification in acid ethanol, the intracellular insulin
content of recovered islets was measured utilizing an ELISA
kit specific for human insulin (Mercodia, Uppsala, Sweden)
and normalized to islet DNA content determined by means
of a fluorometric assay (Quant-iT, Invitrogen-Molecular
Probes).>* Mitochondrial activity was evaluated by measuring
the conversion of the tetrazolium compound 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS, Promega, Mannheim,
Germany) into formazan as previously described.? Briefly,
aliquots of 100 islets were collected in triplicate for each
experimental group in 200 pL of culture medium supplemen-
ted as described above. After incubation at 37 °C for 3 h, for-
mazan formation was determined in 150 pL of supernatant at 490
nm and expressed as optical density per microgram DNA. DNA
was measured in MTS-treated islets as described above except
that the DNA standard samples were stained with the same pro-
portion of MTS as islet samples.

Release of DNA strands was blindly quantified by
3 examiners using a semiquantitative islet aggregation
score from O (no aggregation) to 3 (extensive aggrega-
tion). After assessment, the average of the individual
scores was calculated. Representative images for the dif-
ferent aggregation scores are shown in Fig. 1A and E-G.
Islet overall survival was calculated by simultaneously
considering the recovery of initially incubated IEQ and the
proportion of viable islet cells.

Data Analysis

All statistical analysis was performed utilizing Prism 6.0h for
Maclntosh (GraphPad, La Jolla, CA, USA). Analysis of data
was carried out by the nonparametric Friedman test followed
by Dunn’s test for multiple comparison. Differences were
considered significant at P less than 0.05. P values more than
0.05 are termed nonsignificant (NS). Data are normalized to
control islets incubated in plain HBSS. For clarity, results are
expressed as mean + standard error rather than the correct
nonparametric measures of median and quartiles.

Results
Islet Yield and Fragmentation

Treatment with 1-fold enzyme activity revealed the highest
recovery after incubation with CP, reaching nearly the
same islet recovery than sham-treated controls (Table 2).
All 3 proteases induced islet loss when using the 5-fold
(P < 0.05) and 10-fold activity (P < 0.001). Differences
between CP, cNP, and TL became significant at the 5-fold
level (P < 0.05) but were diminished when enzymes were
used at 10-fold activity (NS).

Islet fragmentation was assessed by means of a semiquan-
titative scoring system. Representative images for the
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Table 2. Recovery of Initially Incubated Islet Equivalents (%).

Activity n Control Clostripain Neutral Protease Thermolysin
I-Fold 10 89.0 + 4.8 88.1 + 6.4 794 £ 59 77.1 +72
5-Fold 10 — 72.3 + 5.5% 65.8 + 5.8 64.2 + 7.20%1
10-Fold 10 — 61.4 + 5.|Dueek 46.8 + 5.8Pwwwk 49.9 4 5.8Puekx

3P < 0.01, °P < 0.001 versus control.
*P < 0.05, ¥**P < 0.001 versus |-fold.
P < 0.05 versus clostripain.

Table 3. Islet Fragmentation Score.

Activity n Control (0-3) Clostripain (0-3) Neutral Protease (0-3) Thermolysin (0-3)
|-Fold 10 0.00 + 0.00 0.00 + 0.00 0.10 + 0.10 0.00 + 0.00
5-Fold 10 — 0.00 + 0.00 0.70 + 0.15 0.40 + 0.16
10-Fold 10 — 0.20 + 0.13 1.20 4 0.]30sxt 0.80 + 0.13%*

3P < 0.05, °P < 0.001 versus control.
*P < 0.05, *P < 0.0l versus |-fold.
P < 0.05, P < 0.01 versus clostripain.

Table 4. Islet Aggregation Score.

Activity n Control (0-3) Clostripain (0-3) Neutral Protease (0-3) Thermolysin (0-3)
I-Fold 10 0.00 + 0.00 0.00 + 0.00%* 0.80 + 0.25%* 0.40 + 0.22%F*
5-Fold 10 0.20 + 0.13* 1.40 + 0.27*' 1.40 + 0.40°
10-Fold 10 1.10 + 0.18 240 + 0.22°" 2.20 £ 029>

2p < 0.05, °P < 0.001 versus control.
*P < 0.05, P < 0.01, P < 0.001 versus |0-fold.
P < 0.05 versus clostripain.

different fragmentation scores are shown in Fig. 1A-D. This
demonstrated that primarily islets incubated with cNP were
affected with regard to morphological integrity. Islet frag-
mentation was noted using the 5-fold activity of cNP and
reached statistical significance at the 10-fold activity of cNP
(P < 0.001) and TL (P < 0.05) in comparison with sham-
treated islets (Table 3). Compared with the 1-fold activity of
the corresponding enzyme, the detrimental effect became
significant when the 10-fold activity of cNP (P < 0.01) or
TL (P < 0.05) was applied. Nevertheless, in comparison to
CP, cNP induced significantly higher fragmentation at the
5-fold (P < 0.05) and 10-fold level (P < 0.01) while TL did
not (NS). In contrast, CP was not harmful for islet morpho-
logical integrity even when the 10-fold activity was used.

Islet DNA Release

Islet DNA release was quantified using a semiquantitative
aggregation score. Representative images for the different
aggregation scores are shown in Fig. 1A, D, and E. Islet
aggregation became most relevant in islets treated with cNP
and TL. Although a 10-fold activity of CP (P < 0.05) was
needed to cause a significant DNA release compared with
HBSS-incubated islets, cNP and TL (P < 0.05) induced sig-
nificant aggregation at the 5-fold level (Table 4). However,

in all enzymes assessed, the 10-fold activity was signifi-
cantly more harmful for islets when compared with the
1-fold activity of the corresponding enzyme. When the detri-
mental effect of different enzyme activity was compared with
the corresponding CP level only cNP caused a statistically
stronger aggregation at 5-fold activity (P < 0.05), while a
10-fold activity of TL was needed to detect a statistically
significant difference to CP (P < 0.05; Table 4).

Islet Viability

The differences in islet viability were relatively small but
were nevertheless significant when using Syto-13 and ethi-
dium bromide in an unbiased plate reader assay. Compared
with sham-treated islets, a significantly adverse effect on
viability was observed in islets incubated with ¢cNP (P <
0.01) already at the 1-fold level, while islets treated with
TL were characterized by a decreased viability using the
5-fold activity (P < 0.001; Table 5). CP-treated islets were
not affected until a 10-fold enzyme activity was added
(P < 0.05). Assessment of viability within the experimental
groups showed that even the 10-fold activity of ¢cNP did not
significantly alter the viability in comparison to the corre-
sponding 1-fold level. The discrete reduction in viability
within the other experimental groups became significant
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Table 5. Islet Viability (%).

Activity n Control Clostripain Neutral Protease Thermolysin

I-Fold 10 724 + 3.1 (100%) 69.6 + 3.1 (96.2 + 0.7%) 66.1 + 3.4°(91.1 + 1.3%)" 674 + 3.6 (92.8 + 1.7%)
5-Fold 10 — 684 + 3.5(942 + 1.1%) 64.8 + 3.8°(88.9 + 1.8%)' 643 + 3.7 (885 + 2.0%)'
10-Fold 10 — 67.8 + 3.6° (933 + 1.4%) 634 + 4.29% (86.7 + 24%)"  62.2 + 3.7°%% (855 + 2.0%)

Note. Normalized data are shown in brackets.
3P < 0.05, °P < 0.01, P < 0.00! versus control.
*P < 0.05, ***P < 0.001 versus |-fold.

P < 0.05,*P < 0.001 versus clostripain.

Table 6. Mitochondrial Function (Optical Density/ig DNA).

Activity n Control Clostripain Neutral Protease Thermolysin

I-Fold 10 512 + 20.1 (100%) 434 + 164 (92.0 + 2.9%) 44.1 + 19.7° (83.8 + 3.9%) 434 £+ 19.9 (884 + 6.4%)
5-Fold 10 — 419 + 156 (885 + 3.3%) 40.7 + 17.4° (76.7 + 4.0%) . 379 4 15.8°(80.8 + 4.9%)
10-Fold 10 — 443 + 17.6 (88.1 + 3.8%) 37.7 + 163%* (71.5 + 52%)"  33.3 + 12.2°%(71.9 + 4.2%)"

Note. Normalized data are shown in brackets.
3P < 0.01, °P < 0.001 versus control.

*P < 0.05 versus |-fold.

P < 0.05 versus clostripain.

using the 10-fold activity of ¢cNP (P < 0.05) or TL
(P < 0.001; Table 5). Comparison of CP with the other
proteases at the same activity level revealed that cNP (P <
0.05) was significantly more noxious already at 1-fold activ-
ity (P < 0.05) while TL (P < 0.05) was characterized by a
significantly adverse effect on viability not until adding the
5-fold activity (Table 5).

Mitochondrial Function

The mitochondrial function correlated with morphological
viability. In comparison to sham-treated controls, the mito-
chondrial function of CP-treated islets was not reduced by
any of the activities used (Table 6). In contrast, cNP sig-
nificantly altered mitochondrial function already at the 1-
fold level when compared with sham-treated islets (P <
0.01). Moreover, cNP was significantly more reductive for
mitochondrial activity at all 3 levels when compared with
corresponding CP-treated islets (P < 0.05). The mitochon-
drial function of TL-treated islets was significantly
decreased in comparison with sham-treated islets when the
5-fold activity was applied (P < 0.01). Adding the 10-fold
activity of TL, the inhibitory effect on mitochondria was
also significantly stronger when compared with CP (P <
0.05). Except CP, all proteases had a significantly larger
adverse effect on mitochondrial function using the 10-fold
activity when opposed to the 1-fold activity of the corre-
sponding enzyme (P < 0.05; Table 6).

Intracellular Insulin Content

Compared with sham-treated islets incubated in plain HBSS,
a reduction in the intracellular insulin content (LU/ng DNA)

was noted in all experimental groups (Table 7). However,
the protease-induced decrease in intracellular insulin
reached statistical significance at different activity levels.
Although the insulin content of CP-treated islets was sig-
nificantly reduced only when a 10-fold activity was applied
(P <0.05 vs. control), islets treated with cNP (P < 0.05) or
TL (P < 0.01) lost a significant proportion of insulin
already using the 1-fold activity. At this level, cNP- (P <
0.05) and TL-incubated islets (P < 0.01) stored a signifi-
cantly lower amount of insulin in comparison with CP-
treated islets. No significant differences were observed
using the 5- or 10-fold activity of enzymes.

Islet Overall Survival

Compared with sham-treated controls and with the 1-fold
level, a significantly negative effect of CP on islet overall
survival was not observed until the 10-fold activity was
applied (P < 0.001; Table 8). In contrast, the difference to
controls (P < 0.001) and to the corresponding 1-fold level
(P < 0.05) reached statistical significance using the 5-fold
activity of cNP and TL. Compared with the corresponding
concentration of CP, the harmful effect of TL and ¢cNP on
islet overall survival was significantly larger at the respec-
tively 1-fold (P < 0.05) and 5-fold level (P < 0.05), but not
when a 10-fold activity was used.

Discussion

The multiplicity of factors that affect human islet isolation
outcome makes it difficult to conclusively quantify the influ-
ence of individual enzymes on pancreas digestion. Although
it is feasible to control for variables when pancreases from
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Table 7. Intracellular Insulin Content (LU/ng DNA).

Activity n Control Clostripain Neutral Protease Thermolysin

I-Fold 10 1502 + 22.3 (100%) 128.6 + 21.7 (902 + 11.3%) 919 + 17.5° (662 + 11.7%)" 86.7 + 21.8° (54.3 + 8.3%)}
5-Fold 10 — 99.6 + 19.8%(70.3 + 12.2%) 784 + 14.2° (59.7 + 9.8%) 982 + 20.3 (64.5 + 8.9%)
10-Fold 10 — 91.2 + 16.6** (64.0 + 87%) 93.1 + 15.0° (66.8 + 8.8%) 75.1 + 13.1° (51.7 + 6.0%)
Note. Normalized data are shown in brackets.

3P < 0.05, °P < 0.01 versus control.

*P < 0.05, ¥P < 0.01 versus |-fold.

P < 0.05, *P < 0.01 versus clostripain.

Table 8. Islet Overall Survival (%).

Activity n Control Clostripain Neutral Protease Thermolysin
I-Fold 10 652 + 49 622 + 5.6 537 + 57 520 + 5.7
5-Fold 10 — 499 + 44 43.0 + 4.4%%0 40.7 + 4.7%%
10-Fold 10 — 42.2 + 447w 29.2 + 3.7%wwk 30.9 + 4.3%¥kk

2P < 0.001 versus control.
*P < 0.05, ***P < 0.001 versus |-fold.
1P < 0.05, P < 0.01 versus clostripain.

standardized rodents are studied,' "> a prospective approach
with human donors would require numerous pancreases to
obtain statistically relevant data, something that is just not
achievable with the shortage of suitable human donor pan-
creases required for clinical whole pancreas and islet trans-
plant programs.*’-**

To minimize the influence of donor-related and enzyme
batch-dependent variables on the outcome of our experi-
ments, we investigated the effect of different supplemen-
tary proteases on already isolated islets which enables the
direct comparison between standardized samples. To
diminish the effect of the enzyme blends used during the
initial pancreas digestion, purified islets were precultured
for 3 to 4 d at 37 °C to ensure that preparations were cleared
of predamaged islets and only integral islets used.?* > In
order to identify a potentially toxic threshold, different lev-
els of enzyme activities were applied. The calculation of
these levels was based on previous experiences'®'® or on
specifications defined during participation in the interna-
tional trial of the Edmonton protocol.*?

The few retrospective comparisons that had previously
been performed on human pancreases had indicated that
TL-containing blends may have a negative impact on islet
integrity when compared with blends supplemented with
¢NP."*!” A similar observation was made during rodent islet
isolation demonstrating that islets isolated by means of lib-
erase and TL fail to restore normoglycemia in isologous
recipients when compared with islets released by means of
collagenase P.>*> However, the complexity of different
enzyme isoforms influencing the efficiency of enzyme
blends prevents a clear conclusion from these studies.***’
Nevertheless, as a consequence of its potential harmfulness,
TL was replaced by dispase in the manufacture of Liberase
PI in order to improve islet isolation outcome from the pig

pancreas.® In contrast, our study surprisingly indicates that
the adverse effect of cNP from Clostridium histolyticum on
islet survival, morphological integrity, and viability appears
to be equivalent or even stronger in comparison to TL. It is
worth mentioning that those detrimental effects were
observed at concentrations that are within the range of com-
monly used protease activities.>’ >’

Previous findings in rodent, porcine, and human islet
isolation suggested that CP may serve as an alternative to
cNP and TL. These studies demonstrated that the use of CP
as additional supplement improves islet isolation outcome
with respect to digestion time, yield, viability, and trans-
plantability of islets.'"'*** However, it cannot be excluded
that these observations are related to a synergism between
CP and other proteases. The already large extent of our
study did not allow to realize an even more comprehensive
experimental setting by additionally exposing human islets
to protease combinations of CP plus ¢cNP or TL which
would add significant information. An increase in islet
fragmentation but not of islet yield was noted when TL was
combined with CP to digest rat pancreases. Opposite find-
ings were made when CP was combined with cNP resulting
in a significantly increased yield of nonfragmented rat
islets.*! It has to be discussed whether the observations of
Dendo et al. are related to an incompatibility between CP
and TL, which are produced by different species, or
whether the deteriorated islet morphology is secondary to
the increased activation of endogenous proteases by TL
plus CP.*! So far, no study has been completed to evaluate
whether CP can serve as sole supplement for collagenase to
replace ¢cNP or TL as supplementary proteases. Pilot
experiments performed in our lab nevertheless indicate that
it is possible to successfully isolate islets from human pan-
creases of different sizes using 200 to 300 BAEE-U of CP
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as only supplementary activity for collagenase. More
experiments are needed to verify this observation in a sep-
arate study.

The reasons for the relatively low toxicity of CP in com-
parison to cNP and TL are unknown so far. It can be specu-
lated that these proteases have different specificities to digest
the extracellular matrix surrounding the islets. Collagen IV
and laminin 511 are the most abundant extracellular matrix
proteins in the basement membrane of human islets.** Par-
ticularly laminin 511 seems to play an essential role for
cell survival and function in vitro.***> As recently shown,
the islet basement membrane is degraded during human
islet isolation affecting the expression of several extracel-
lular matrix proteins, such as collagen IV and laminin,
which completely disappeared during subsequent islet cul-
ture. The harmfulness of this process was demonstrated by
the leakage of adenylate kinase revealing a damage of the
plasma membranes and mitochondria as well.*® This is in
agreement with our findings demonstrating a reduction in
membrane integrity, as expressed by the Syto-13/ethidium
bromide viability assay, and the increased aggregation
score indicating the release of DNA, a phenomenon that
is frequently observed when human pancreases are over-
digested or predamaged by prolonged warm ischemia time.
The loss of morphological integrity was additionally ver-
ified by the increase in islet fragmentation. In this context,
it is quite likely that the disruption of basement membranes
and plasma membranes is accompanied by leakage of intra-
cellularly stored insulin. It cannot be ruled out that
also mitochondrial structures are compromised by enzymes
as suggested by the reduced activity of these organelles
determined by the MTS assay. In previous basic experi-
ments in mice, it had been demonstrated that microdis-
sected islets express a higher metabolic activity
associated with a higher insulin content compared to
collagenase-isolated islets.*’

Recent studies revealed that CP has a significantly lower
affinity to digest laminin 511 in comparison with cNP and
TL.*'"*® As a consequence, the integrity of the basement
membrane of human islets would be better preserved using
CP instead of cNP or TL for human pancreas digestion pro-
viding a significant advantage for islet survival and function
during culture and after transplantation.** ' Nevertheless,
the present data indicate that CP can induce adverse effects
on various parameters of islet integrity and viability, but the
toxic threshold appears to be generally higher compared with
c¢NP and TL. In this perspective, we hypothesize that the
effects of different NPs on islet metabolism are secondary
to the degradation of several extracellular matrix proteins
within the basement membrane essential to maintain islet
morphological and functional integrity.

In summary, our study compares for the first time the
potential toxicity and harmfulness of different supplemen-
tary proteases for human islets in a prospective approach. It
was demonstrated that cNP and TL have a similar toxic
potency with regard to islet survival, viability, and

morphological integrity. The adverse effects were observed
at concentrations that are within the range of commonly used
protease activities. In contrast, much higher concentrations
were needed to induce detrimental effects with CP. Future
studies should aim to investigate whether CP can act as sole
supplement for collagenase or whether it has to be combined
with another supplementary protease.
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