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The success of pancreatic islet allotransplantation in the treatment of patients with a difficult-to-manage type 
1 diabetes depends mainly on the quantity and quality of islets isolated from the pancreas of deceased donors 
using enzyme preparations, primarily collagenase. Numerous studies on improvement and standardization of islet 
isolation techniques have reached their limits in the last decade. This has made it impossible to further boost the 
number and quality of clinical transplants. Taking into account the negative impact of collagenase technique on 
the morphofunctional properties of isolated islets, this work has studied the possibility of enzyme-free isolation 
of islet tissue purified of exocrine ballast. Experiments using the pancreas of newborn and young rabbits showed 
that developing methodological approaches to obtaining islet-like cultures without the use of exogenous enzymes 
is feasible.
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inTrOducTiOn
The early 21st century saw a breakthrough in effec-

tive allotransplantation of pancreatic islets (PIs) in pa-
tients with type 1 diabetes mellitus by the emergence of 
the Edmonton Protocol [1]. Since then, there have been 
certain improvements in the outcomes and safety of islet 
transplantation [2]. At the same time, some transplan-
tation centers have consistently been more successful 
than others [3], and this difference is largely, if not to a 
decisive extent, due to the quality of isolated islets, which 
depends on the methodological level and experience of 
the researchers involved in this problem.

The proper use of collagenase preparations, which are 
the most important reagents used for islet isolation, sig-
nificantly affects the quantity and quality of islets (more 
precisely, islet equivalents) and ultimately determines 
the outcomes of their transplantation in diabetic patients 
[3]. For a number of years, Liberase H1 (Roche) was 
most widely used for islets isolation from collagenase 
preparations, which, in fact, was considered to be the 
enzyme of choice [4]. In 2007, however, concerns about 
its use arose after attention was drawn to the fact that it 
used raw material derived from bovine brains, which, in 
theory, could potentially transmit prion-related diseases 
[5]. Since then, efforts have been made to substitute this 
preparation by modifying its components and studying 
the digestive activity of new enzymes [6]. As a result, 
enzyme mixtures including Serva collagenase NB1, a 
mammalian tissue-free version of Liberase (Roche), and 
a new Vitacyte mixture were used [7–9]. Despite the 
fact that Liberase HI and Collagenase NB1 were the 

most widely studied enzymes for human islet isolation, 
quantitative and qualitative results obtained in a number 
of centers differed significantly and were often contra-
dictory. At the same time, determination of islet β-cell 
function (basal and stimulated insulin secretion) was 
the criterion for qualitative assessment of islet samples 
isolated at multiple U.S. centers from donors with vary-
ing characteristics [10].

The lack of standardization of enzymatic treatment of 
human pancreatic tissue can, to a certain extent, explain 
the high variability of islet isolation results. In order to 
determine a reasonable choice of the most acceptable 
option for pancreatic tissue treatment, a comparative 
meta-analysis of the results of using mixtures of dif-
ferent enzyme preparations in islet isolation from de-
ceased donors was performed [11]. The effect of different 
enzymes on the equivalent number of islets obtained 
from 1 gram of pancreas was evaluated, determining 
the degree of their purification, viability, and glucose-
stimulated insulin secretion. The meta-analysis showed 
that it seems that research on standardization of isolation 
of sufficient numbers of islets from donor pancreas has 
reached its limits, and after a surge in achievements in 
the early 2000s there was a stagnation period in this field, 
which made it almost impossible to significantly increase 
effective islet transplantation in the clinic. Numerous 
experiments with the use of the pancreas of laboratory 
animals, primarily rodents, continuing to the present 
time, have not allowed to significantly improve islet iso-
lation method [12–14] and extrapolate the obtained data 
to the protocol for islet isolation from the pancreas of 
deceased donors. Experiments on islet co-culture with 
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mesenchymal stromal cells give some hope for increas-
ing the survival time and functional capabilities of islets 
[15, 16].

It is important to note that, in addition to exogenous 
enzyme preparations, activation of its own proteolytic 
enzymes produced by acinar cells can have a signifi-
cant impact on the number and quality of islets isolated 
from donor pancreas. As is known, the exocrine secretory 
function of the pancreas is to secrete pancreatic juice into 
the duodenum, which promotes the breakdown of protein 
from food into amino acids. Proteolytic enzymes repre-
sented by trypsin, chymotrypsin and carboxypeptidase, 
are secreted into the duodenal lumen in an inactive state, 
and they are activated under the influence of intestinal 
juice enterokinase. However, intraorgan activation of 
intrinsic enzymes in donor pancreas is quite real and 
is mainly associated with impaired oxygen supply dur-
ing its extraction, cold storage and during islet isolation 
procedure [17]. Increased lactate production as a result 
of anaerobic glucose breakdown under hypoxia/anoxia 
causes intracellular acidosis, which is one of the main 
inducers of premature intracellular trypsinogen autoacti-
vation and subsequent triggering of the enzyme cascade 
in acinar cells [18]. Since 90% of proteins synthesized by 
acinar cells are digestive enzymes, the inevitable isch-
emia periods provide “ideal” conditions for triggering 
autolytic processes in the pancreas [19]. The negative 
effect of endogenous pancreatic proteases on functional 
ability of islets was noted, in particular, in ischemia/
reperfusion-induced pancreatitis developing during pres-
ervation of donor pancreas [20]. Islet survival during 
ischemia can also be hindered by the fact that islets are 
directly surrounded by acinar cells, which are character-
ized by higher density of zymogen granules compared 
to teleinsular cells. This histological feature makes islets 
particularly vulnerable to proteolytic damage [21].

Lack of progress in the development of islet isolation 
methods has made it necessary to search for new, more 
effective approaches to obtaining islet tissue in quanti-
ties sufficient for successful transplantation treatment 
of patients with diabetes mellitus. In this work, we have 
studied the possibility of obtaining islet cell cultures puri-
fied of exocrine ballast without using standard enzyme 
preparations, which, as mentioned above, significantly 
reduce survival rate and functional capabilities of iso-
lated islets.

maTerialS and meThOdS
Laboratory Soviet chinchilla rabbits of different age 

and body weight were used as pancreas donors. There 
were 60 newborns (1–2 days old) weighing 60–70 g and 
12 one-month old weighing 600–700 g, i.e. much higher 
than that of newborn rabbits. The animals were obtained 
from a laboratory animal nursery belonging to KrolInfo 
LLC with presentation of a veterinary certificate.

Given the above-described deleterious effect of pro-
teolytic enzymes released during prolonged manipula-
tions with donor pancreas on islets, we used techniques 
that reduce this effect, minimizing, in particular, organ 
ischemia time. We assumed that moderate proteolysis 
by endogenous enzymes, inevitable even at the shortest 
treatment of pancreatic tissue, would lead to death of 
acinar cells only, but would not have a damaging effect 
on islets. Therefore, in order to prevent excessive au-
tolysis of pancreatic tissue, immediately after euthanasia 
of the animals and extraction of the pancreas, the latter 
was placed in a cold (4 °C) Hanks’ balanced salt solution 
(PanEco), then quickly, using ophthalmic forceps, the 
capsule, visible blood vessels and the excretory ducts 
were removed and the organ was cut into about 2 mm 
fragments, which were washed twice with cold Hanks’ 
solution, then carefully crushed with sharp ophthalmic 
scissors for 7–10 minutes. The duration of microdis-
section depended on the visible features of the treated 
gland and was determined by the researcher in each par-
ticular case. The resulting thick tissue suspension was 
washed with cold Hanks’ solution at least three times. 
As a result of these manipulations, the treated pancreatic 
tissue at room temperature (20–24 °С) was presumably 
exposed only to sparing proteolytic effect of endogenous 
pancreatic enzymes, which, after abundant washing of 
the resulting tissue suspension, were removed together 
with fragments of autolysed exocrine tissue. The tissue 
suspension obtained after treatment of 1 pancreas of a 
one-month-old rabbit, or 5 pancreases of newborn rabbits 
consisted mainly of microfragments smaller than 1 mm3, 
which were transferred to a 25 cm3 culture tube (Corn-
ing), where 10–12 mL of RPMI-1640 HEPES medium 
without glutamine (PanEco) was immediately added and 
1 mL of fetal calf serum (HyClone) was added. The tubes 
were placed in an incubator and cultured at 37 °C. The 
growth medium was replaced with fresh medium every 
2–3 days. Changes occurring during incubation were 
monitored through a Nikon Eclipse TS 100 inverted mi-
croscope by daily monitoring; significant changes were 
recorded using a digital camera.

Histological examination of native pancreas of the 
newborn and one-month-old rabbits, as well as samples 
of the resulting cultures, at different periods of incu-
bation of pancreatic microfragments, was carried out. 
The studied material was fixed in formalin. After routine 
dehydration, the samples were embedded in paraffin. 
The 4 μm thick media were stained with hematoxylin 
and eosin, and subjected to immunohistochemical stain-
ing according to the horseradish peroxidase standard 
technique to detect the main types of islet cells using 
appropriate monoclonal antibodies: antinsulin and an-
tiglucagon (Sigma).
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reSulTS and diScuSSiOn
Histological examination of the pancreas of 1–2-day-

old rabbits and the pancreas of one-month-old rabbits 
revealed a significant difference in the ratio of endocrine 
(islet) and exocrine (acinar) tissues in these animals of 
different ages. The proportion of exocrine tissue in young 
animals was significantly higher than in the newborns. At 
the same time, oval-shaped islets were clearly separated 
from the surrounding exocrine tissue by interlayers of 
connective tissue (Fig. 1, a). At the same time, in new-
born animals, due to the natural absence of active diges-
tion, the exocrine pancreas is poorly developed; islets in 
the neonatal pancreas are markedly smaller, irregular, 
jagged and have no pronounced connective-tissue in-
terlayers at the border with exocrine cells (Fig. 1, b).

Such histological features made the treatment of pan-
creatic tissue of newborn rabbits with collagenase prepa-

rations inappropriate because of the practical absence 
of a point of action of such enzymes (collagen fibers of 
connective-tissue interlayers). Therefore, it was decided 
to study the changes occurring during cultivation of the 
pancreas of newborn rabbits subjected only to mechani-
cal crushing without enzyme treatment.

Observations using an inverted microscope revealed 
a significant decrease in the mass of exocrine tissue al-
ready on day 2–3 of incubation of neonatal pancreatic 
microfragments and their compaction and “growing” 
against the background of final death and elimination of 
acinar cells by the end of day 5–7 (Fig. 2).

The detritus formed during acinar cell destruction 
was safely removed during the next replacement of the 
culture medium. As a result, a culture was formed con-
sisting almost entirely of free-floating dense globular or 
ovoid structures (Fig. 3).

Fig. 2. Completion of spontaneous purification of newborn 
rabbit pancreatic microfragments from exocrine tissue. In-
verted microscope. 100×

Fig. 3. Formation of floating cultures after 7-day incubation 
of pancreatic microfragments of newborn rabbits. Inverted 
microscope. 100×

 

Fig. 1. a, pancreas of a one-month-old rabbit; b, pancreas of a one-day-old rabbit. Immunohistochemical staining of beta-cells 
of islets with insulin antibodies. 200×

а b
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Fig. 4. Floating cultures obtained from the pancreas of new-
born rabbits. H&E stain. 200×

Fig. 6. Preserved exocrine tissue in the pancreatic microfrag-
ments of one-month-old rabbit after 10-day incubation. In-
verted microscope. 100×

Fig. 5. Immunohistochemical staining of floating cultures ob-
tained from the pancreas of newborn rabbits using insulin (a) 
and glucagon (b) antibodies. 200×

а

b

Histological analysis of the cultures showed that they 
consisted of epithelium and were surrounded at the pe-
riphery by a layer of epithelium-like or fibroblast-like 
cells (Fig. 4).

Immunohistochemical staining made it possible 
to identify the epithelium contained in the cultures as 
insulin-positive cells (to a greater extent) and glucagon-
positive cells (Fig. 5).

The characteristic spherical and/or ovoid shape of 
the resulting free-floating cultures and detection of islet 
β- and α-cells in them gave grounds to call them floating 
islet-like cultures (FICs).

In contrast to obtaining cultures from the pancreas 
of newborn rabbits, the use of similar conditions when 
incubating pancreatic microfragments of one-month-old 
rabbits did not lead to pronounced elimination of exo-
crine tissue. Apparently, the reason for this failure was 
the presence of a significantly higher proportion of exo-
crine pancreatic tissue in young rabbits compared with 
the neonatal pancreas. Degradation by pancreatic acini 
was slow, and a significant amount of them persisted 
even after 8–10 days of incubation (Fig. 6).

At the same time, the prolonged effect of proteolytic 
enzymes released from acinar cells on the islet tissue 
apparently had a negative effect on its morphofunctional 
state, which prevented FICs formation. Therefore, we 
decided to increase the incubation temperature, which, 
presumably, could accelerate the death of exocrine tissue 
and provide more favorable competitive conditions for 
endocrine tissue survival.

In spite of the fact that the classical incubation con-
dition is normothermia (temperature not higher than 
37 °C), taking into account the natural resistance of 
pancreatic islets to unfavorable conditions and absence 
of such in exocrine tissue, we decided for the first time to 
incubate pancreatic microfragments at 38 °C, especially 
since normally the temperature inside the human and 
mammalian body can reach 38 °C.

As observations using an inverted microscope 
showed, such a regime (formally hyperthermic) is able to 
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accelerate death and elimination of exocrine pancreatic 
tissue, which significantly reduces possible proteolytic 
effect on islets, contributing to their rapid cleansing and 
survival. Due to creation of such temperature conditions, 
a distinct degradation of exocrine tissue was observed 
already by day 3–4 of incubation (Fig. 7), and by day 
8–10 ballast-cleared cultures were formed (Fig. 8).

Histological examination of the obtained floating 
cultures showed that they consisted mainly of viable 
epithelial cells (Fig. 9).

Using immunohistochemical staining, insulin gran-
ules were detected in their central part, indicating se-
cretory activity of islet β-cells (Fig. 10). Thus, it was 

confirmed that islet-like cultures were obtained from the 
pancreas of one-month-old rabbits.

cOncluSiOn
In our opinion, the very natural isolation, close-

ness of islets from the surrounding exocrine tissue, this 
“enzyme-boiling cauldron”, allows us to hope that the 
native enzyme system of the pancreas is less dangerous 
for islets than the aggressive enzyme mixture that is un-
naturally introduced into pancreatic tissue with the only 
purpose of “knocking out” islets, isolating them from the 
exocrine tissue. This consideration is confirmed by the 
fact that in acute pancreatitis, the endocrine (islet) tis-
sue is very rarely affected, and only in cases of repeated 

Fig. 7. Beginning of spontaneous purification against exo-
crine tissue at day 4 of incubation of pancreatic microfrag-
ments of one-month-old rabbits under hyperthermic condi-
tions. Inverted microscope. 100×

Fig. 8. Formation of floating cultures at day 10 of incubation 
of pancreatic microfragments of one-month-old rabbits un-
der hyperthermic conditions. Inverted microscope. 40×

Fig. 9. Floating cultures obtained from the pancreas of one-
month-old rabbits, day 8 of incubation under hyperthermic 
conditions. H&E stain. 400×

Fig. 10. Floating cultures obtained from the pancreas of one-
month-old rabbits, day 8 of incubation under hyperthermic 
conditions. Immunohistochemical staining with insulin an-
tibodies. 400×
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episodes of recurrent pancreatitis or, more often, as a 
result of extensive pancreonecrosis, significant num-
ber of islets die, which leads to a pronounced deficit of 
insulin-producing β-cells, development of insulin de-
ficiency and, naturally, to the clinical manifestation of 
insulin-dependent diabetes mellitus.

Results obtained in this study suggest that the use 
of exogenous enzymes for the treatment of donor pan-
creas tissue in the process of obtaining cultures consist-
ing mainly of endocrine (islet) cells can be abandoned. 
Numerous observations using an inverted microscope 
showed that under standard conditions of incubation of 
the microfragments of mechanically crushed pancreas, 
its exocrine tissue dies spontaneously. This destructive 
process seems to be caused by autolysis of acinar cells 
under the influence of digestive enzymes contained in 
them during normothermic cultivation. The resulting 
detritus is removed in a timely manner during the next 
replacement of the culture medium. At the same time, 
naturally protected islets are not significantly damaged, 
which is due to the presence of islet-surrounding base-
ment membranes consisting of various extracellular ma-
trix proteins [22, 23]. The basement membrane serves 
as a peculiar interface between islets, endothelial cells 
and acinar cells through integrins and other cell recep-
tors [24, 25], forming a protective barrier that ensures 
morphological integrity of islets during non-intensive 
self-digestion of the pancreas. As a result, the endocrine 
(islet) tissue seems to spontaneously cleanse itself from 
the, unnecessary ballast but highly immunogenic, exo-
crine tissue, while preserving the extracellular matrix 
necessary for survival and functioning of islet cells, 
represented, in particular, by the periosteal membrane 
mentioned above.

The most rapid process of getting rid of exocrine tis-
sue occurs at the standard incubation temperature (37 °C) 
of microfragments of newborn rabbits. However, this 
mode turned out to be unsuitable for the pancreas of 
young (one-month-old) animals, which is due to the 
presence of a much higher percentage of exocrine tis-
sue. It was decided to apply non-standard hyperthermic 
(38 °C) incubation for the first time in order to intensify 
autolytic processes. As expected, under the new tempera-
ture conditions, there was a significantly greater loss of 
exocrine tissue contained in the crushed pancreatic mi-
crofragments already at day 5–7, as well as their gradual 
compaction and scalding. These processes led to the 
formation of FICs similar to those we obtained from the 
pancreas of newborn rabbits.

Therefore, the rational methodological approaches 
developed in this study make it possible to obtain islet-
like cultures purified of exocrine tissue without the use of 
the expensive and ambiguously effective enzyme prepa-
rations. In our opinion, further experiments on modifica-
tion of the enzyme-free method of obtaining islet cell 
cultures from adult rabbits will provide data that can be 

extrapolated to develop a more rational and productive 
method of pancreatic islet isolation from deceased hu-
man donors.

The authors declare no conflict of interest.

referenceS
1. Shapiro AM, Lakey  JR, Ryan EA, Korbutt GS, Toth E, 

Warnock GL et al. Islet transplantation in seven patients 
with type 1 diabetes mellitus using a glucocorticoid-free 
immunosuppressive regimen. N Engl J Med. 2000; 343: 
230–238.

2. Barton  FB,  Rickels  MR,  Alejandro  R,  Hering  BJ, 
Wease S, Naziruddin B et al. Improvement in outcomes 
of clinical islet transplantation: 1999–2010. Diabetes 
Care. 2012; 35: 1436–1445.

3. Misawa  R,  Ricordi  C, Miki  A,  Barker  S, Molano  RD, 
Khan A et al. Evaluation of viable beta-cell mass is use-
ful for selecting collagenase for human islet isolation: 
comparison of collagenase NB1 and liberase HI. Cell 
Transplant. 2012; 21: 39–47.

4. Linetsky E, Bottino R, Lehmann R, Alejandro R, Inverar-
di L, Ricordi C. Improved human islet isolation using a 
new enzyme blend, liberase. Diabetes. 1997; 46: 1120–
1123.

5. Alejandro R, Barton FB, Hering BJ, Wease S. 2008 Up-
date from the Collaborative Islet Transplant Registry. 
Transplantation. 2008; 86: 1783–1788.

6. Sabek OM, Cowan P, Fraga DW, Gaber AO. The effect 
of isolation methods and the use of different enzymes on 
islet yield and in vivo function. Cell Transplant. 2008; 
17: 785–792.

7. Bertuzzi F, Cainarca S, Marzorati S, Bachi A, Antonio-
li  B, Nano R et  al. Collagenase isoforms for pancreas 
digestion. Cell Transplant. 2009; 18: 203–206.

8. Szot GL, Lee MR, Tavakol MM, Lang J, Dekovic F, Ker-
lan RK et al. Successful clinical islet isolation using a 
GMP-manufactured collagenase and neutral protease. 
Transplantation. 2009; 88: 753–756.

9. Wang Y, Paushter D, Wang S, Barbaro B, Harvat T, Dani-
elson K et al. Highly purified versus filtered crude colla-
genase: comparable human islet isolation outcomes. Cell 
Transplant. 2011; 20: 1817–1825. PMID: 21396158.

10.  Kayton S, Poffenberger G, Henske  J, Dai Ch, Thomp-
son C, Aramandla R et al. Human islet preparations dis-
tributed for research exhibit a variety of insulin-secreto-
ry profiles. Am J Physiol Endocrinol Metab. 2015 Apr 1; 
308 (7): E592–E602. doi: 10.1152/ajpendo.00437.2014.

11. Rheinheimer  J,  Klarmann  Ziegelmann  P,  Carlessi  R, 
Ross  Reck  L,  Bauer AC,  Leitão  B. Different digestion 
enzymes used for human pancreatic islet isolation: A 
mixed treatment comparison (MTC) meta-analysis. Is-
lets. 2014; 6 (4): e977118. Published online 2014 Nov 7.

12. Khatri R, Hussmann B, Rawat D, Gürol AO, Linn T. In-
traportal Transplantation of Pancreatic Islets in Mouse 
Model. J  Vis  Exp. 2018 May 5; (135): 57559. doi: 
10.3791/57559.

13. Saliba  Y,  Farès  N. Isolation, Purification, and Culture 
of Mouse Pancreatic Islets of Langerhans. Methods Mol 



47

REGENERATIVE MEDICINE AND CELL TECHNOLOGIES

Biol. 2019; 1940: 255–265. doi: 10.1007/978-1-4939-
9086-3_18. PMID: 30788831.

14. Corbin KL, West HL, Brodsky S, Whitticar NB, Koch WJ, 
Nunemaker CS. A Practical Guide to Rodent Islet Isolati-
on and Assessment Revisited. Biol Proced Online. 2021 
Mar 1; 23 (1): 7. doi: 10.1186/s12575-021-00143-x. 
PMID: 33641671.

15. Dietrich I, Girdlestone J, Giele H. Differential cytokine 
expression in direct and indirect co-culture of islets and 
mesenchymal stromal cells. Cytokine. 2021 Dec 17; 150: 
155779. doi: 10.1016/j.cyto.2021.155779.

16. Hubber  EL,  Rackham  CL,  Jones  PM. Protecting islet 
functional viability using mesenchymal stromal cells. 
Stem Cells Transl Med. 2021 May; 10 (5): 674–680. doi: 
10.1002/sctm.20-0466.

17. Brandhorst D, Brandhorst H, Johnson PRV. Enzyme De-
velopment for Human Islet Isolation: Five Decades of 
Progress or Stagnation? Rev Diabet Stud. 2017 Spring; 
14 (1): 22–38.

18. Gorelick FS, Otani T. Mechanisms of intracellular zymo-
gen activation. Baillieres Best Pract Res Clin Gastroen-
terol. 1999; 13 (2): 227–240.

19. Piton  G,  Barbot  O, Manzon  C, Moronval  F,  Patry  C, 
Navellou JC et al. Acute ischemic pancreatitis following 
cardiac arrest: a case report. JOP. 2010; 11 (5): 456–459.

20. Dembinski A, Warzecha  Z,  Ceranowicz  P,  Tomaszews-
ka R, Dembinski M, Pabianczyk M et al. Ischemic pre-

conditioning reduces the severity of ischemia/reperfu-
sion-induced pancreatitis. Eur J Pharmacol. 2003; 473 
(2–3): 207–216.

21. Trimble ER. In: Lanza RP, Chick WL. Pancreatic islet 
transplantation. 1994. Pancreatic islet-acinar relation-
ships; 19–25.

22. van Deijnen JH, Hulstaert CE, Wolters GH, van Schilf-
gaarde R. Significance of the peri-insular extracellular 
matrix for islet isolation from the pancreas of rat, dog, 
pig, and man. Cell Tissue Res. 1992; 267 (1): 139–146.

23. van  Suylichem  PT,  van  Deijnen  JE,  Wolters  GH,  van 
Schilfgaarde R. Amount and distribution of collagen in 
pancreatic tissue of different species in the perspective of 
islet isolation procedures. Cell Transplant. 1995; 4 (6): 
609–614.

24. Otonkoski T, Banerjee M, Korsgren O, Thornell LE, Vir-
tanen I. Unique basement membrane structure of human 
pancreatic islets: implications for beta-cell growth and 
differentiation. Diabetes Obes Metab. 2008; 10 (Suppl): 
119–127.

25. Jiang FX, Naselli G, Harrison LC. Distinct distribution 
of laminin and its integrin receptors in the pancreas.  J 
Histochem Cytochem. 2002; 50 (12): 1625–1632.

The article was submitted to the journal on 12.11.2021


