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Human islet isolation: semi-automated and

manual methods
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Abstract

arge yields of high-viability human islets are neces-
Lsary to service the expanding programmes of islet

transplantation worldwide; similarly, there is an
increasing demand from diabetes researchers for a reli-
able and cost-effective supply of human islets. The two
main isolation methods are ‘semi-automated’ and ‘man-
ual’. Both methods rely on prompt and careful removal
and transfer of the donor pancreas to allow isolation to
commence, preferably within eight hours. Each method
involves exocrine digestion with high-activity collagenase
(Liberase).

The semi-automated method is standardised, generally
provides higher islet yields and is used for clinical trans-
plant purposes, although it is not suitable for all donor
pancreata. The manual method is less expensive and more

adaptable and enables islets to be isolated for researcl%

from most donor pancreata.
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Large-scale isolation of human is requiredl e _s¢rvice
expanding transplantation progrz " Ear Q@; of con-

cept studies in animals** enco(ir humdn islpttransplan-
i ad ical problems

tation, but progress was sl M met]
hampered islet isolaticii%’clini Quies were limited

and tentative.”

In the year 209 Qmodifie iSolation and immuno-
suppression r improved implant survival' and sever-
al new trans@programmes emerged.”” More than 350
patients worldwide received islet transplants between 1999
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and 2005." Some 70-80% of graft recipients achieved inde-
pendence from insulin injections during the first year.
However, this was reduced to 10% /sy five years after trans-
plant.”

Successful transplants typi;&i(e,quire 6,000-9,000 islets
of 150 um diameter (or b%h nt beta-cell mass) per kg
bodyweight of the recipi at is, between 0.5 and 1.0
el transplant recipient. A normal
human pancreas ma e more than one million islets, but

even the most s@(jssful iss seldom yield more than

rably fewer.” Therefore, trans-

ocused on methods to improve
lets isolated from human cadaveric

ures, comparing the relative merits of man-
tomated methods.

(%ment of current procedures

n of individual islets was undertaken initially for
search purposes. Early studies used small pieces of minced
rodent pancreas. These were superseded by microdissection
procedures, sometimes assisted by prior pancreatic duct lig-
ation or pilocarpine administration to reduce the volume of
exocrine tissue.""® Moskalewski was the first to use the
enzyme complex collagenase in 1965 to isolate viable islets
from chopped guinea pig pancreata.” Lacy and
Kostianovsky improved this technique in 1967 by intraduc-
tal distension of the pancreas prior to digestion, and by
employing sucrose gradients for centrifugal separation of the
islets from the pancreatic digest.” Sorenson achieved more
efficient separation in 1968 using Ficoll density gradients.”
In 1979 Downing compared venous versus ductal distension
of the canine pancreas to improve islet yield” and in 1981
Horaguchi and Merrell” retrogradely perfused collagenase at
37°C through the canine pancreatic duct. Ficoll density gra-
dients further improved the yield of canine islets.”

In 1984 Gray and colleagues at Oxford successfully
adapted the canine methodology to human pancreata” and
in 1988 Ricordi and colleagues initiated development of a
semi-automated method in which the gland was placed into
a sealed chamber during the digestion phase and agitated
constantly to enhance dispersion of the pancreas.” The
semi-automated islet isolation method was advanced by a
purification step involving modification of the COBE 2991
cell processor to provide a linear continuous Biocoll density
gradient for optimal separation of islets from the pancreatic
digest.”** Purification of the collagenase enzyme blends
(Liberase, Roche) with low endotoxin levels resulted in short-

D

VOLUME 4 ISSUE 1 - MARCH 2007



PERSPECTIVES

er digestion times and less fragmentation of islets during the
digestion and separation process.”

Variables affecting islet yield and viability

The origin and condition of a human pancreas, as well as the
method of islet isolation, can affect substantially the yield
and viability of human islets for either transplant or research
purposes.

Donor and pancreas variables
Pancreata from organ donors who are overweight (with a
body mass index [BMI] 25-30 kg/m®) generally give signifi-
cantly higher islet yields than lean donors (with a BMI < 25
kg/m?).**" Also, higher islet yields are typically achieved
when a thicker capsule surrounds the islets (often observed
in older donors),” while pancreata from obese donors (BMI
> 30 kg/m?) may give high islet yields consistent with islet
hypertrophy and hyperplasia.”” Donors aged 50 years or
more frequently give good islet yields, but they are often
associated with compromised glucose responsiveness, and
high donor serum glucose levels prior to organ retrieval
reduce both islet yield and viability.”*" Pancreata from brain-
dead organ donors may produce lower yields of less viable
islets due to donor haemodynamic instability, high doses of
inotropic support and the direct toxic effects of circulating
brain-derived peptides.”

Donor hospitalisation of less than four days prior to orga
donation is preferable as islet yield and viability are gen
ly higher than those from donors who have bee ’
talised for longer periods.” %

Retrieval, preservation and isolation
The cooperation and experience of the o,
are vital. Packing the abdominal cavj y W|t ice

the damage caused by warm |sch enva time @amd
atraumatic removal of the or: the @le intact
increases the likelihood of hi of via * Rapid
transport of the pancreas i atlo |s vital since
cold ischaemia times in eX¢ess of @e rs impact nega-
tively on islet yleld iabili ver, the two-layer
method of orga sport usi ver5|ty of Wisconsin
solution (UW xygenated erfluorocarbon reduces
cold ischaemic damage, allowing successful isolation of islets
from pancreata-with up to 12 hours’ cold ischaemia.**
Perfluorocarbons (PFC) are hydrocarbons in which fluorine
replaces all or most of the hydrogen atoms, resulting in a
high capacity for dissolving oxygen while maintaining a low
oxygen-binding constant; this allows them to release oxygen
more effectively than haemoglobin into surrounding tissue.”
In the two-layer method, PFC protect pancreata against cold
ischaemia damage by increasing the expression of inhibitors
of apoptosis while down-regulating expression of pro-apop-
totic genes and caspases.*

A recent study has shown significant variation in efficacy
between and within batches or lots of the collagenase blend,
Liberase.” Additionally, differences in the composition of
collagenase isoforms within the blend may affect the stabili-
ty and potency of the enzyme.” The experience of the islet
isolation team can also affect islet yield and viability: even

%leva te/a%

Figure 1. An image of a human pancreas that has been
distended with Liberase by ductal cannulation. This image is
reproduced with kind permission of Professor Camillo Ricordi
of the Diabetes Research Institute at the University of Miami

%grade preparations often yield only 20-50% recovery of
available islets from a donated pancreas.*

Procedures for semi-automated and manual methods
of islet isolation

The initial procedure is the same for both semi-automated
and manual methods. The pancreas is assessed visually for
colour, shape, approximate size, obvious signs of damage
and amount of fat and other attached tissue, with a view to
considering minor adjustments to the later procedure (e.g.
earlier sampling from a small, fatty, non-fibrous pancreas).
The organ is prepared for enzyme perfusion by removing
excess fat and trimming off any remaining duodenum and
spleen. Creat care is taken to avoid damage to the pancre-
atic capsule in order to maximise efficacy of enzyme infusion
and organ distension. The main differences between the two
isolation methods commence at this stage.

Semi-automated method

The main pancreatic duct is accessed via a central incision
into the pancreas and two cannulae are inserted and sewn
into place, one to infuse solutions toward the proximal, and
the other toward the distal end of the organ. Infusion of cold
(~4°C) Liberase solution (figure 1) via the two cannulae is
achieved using a peristaltic pump to deliver the enzyme
solution at a maximum pressure of 180 mmHg. The organ is
placed into a sterile, sealed chamber (figure 2) with metal
spheres and warmed to 37°C. Some groups process the
intact organ while others cut it into 6-8 pieces. Constant agi-
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Recirculation-dilution
switch

Figure 2. A diagram showing the semi-automated human islet isolation procedure. This image is reproduced with kind permission
of Professor Camillo Ricordi of the Diabetes Research Institute at the University of Miami

Heating circuit
bypass

Heating
circuit

Thermom

Hank’s Collecting Recirculation Cooling | % % : Shaker
solution flask cylinder circuit &
/ g

eter

tation aids digestion, while a mesh is employed to allow tis- <
sue particles of < 500 um to pass through to the next phas
where the enzyme activity is terminated by cooling
addition of protein (human serum albumin).
Liberase activity is stopped when a sample o

f %est
reveals islets that are cleaved from the ex cf%{issu C
(figure 3). /§
f

Once digestion is complete, the tissueeli@t is recqvere
and suspended in UW solution. This i r(g@ the densi
the exocrine tissue, resulting in a mdredistinct i
densities between the endocrine xocri [
the digest, and thereby impro@ effica
dient separation.

The tissue pellet is th r%’ded Q éntinuous Biocoll
(ficoll) density gradieQ CO%? cell processor, and

centrifugation at 5880 rpm fo inutes results in islets
forming band u@ reaching their specific density. The
COBE is cooléd tg 4°C during this procedure to prevent fur-

R
me 3. @\n pancreatic digest prior to density gradient
e islets from the exocrine tissue — image from

.\separa%q
the search Laboratory, Worcester, UK. The islets of
angerhans are stained red with dithizone

ther enzyme activity from damaging structural integrity of the
islets and to protect the cells from gradient toxicity. Upon
completion of density gradient separation, the tissue is col-
lected in aliquots with varying islet:exocrine ratios. The islets
are contained in the least dense component of the gradient:
hence the initial aliquots retrieved from the COBE contain
highly purified islets and as gradient density increases the
presence of exocrine tissue is observed. Aliquots with high
purity and good yields of islets are combined to provide the
final islet preparation.

For research purposes the islets are maintained in tissue
culture, with a culture medium such as medium 199 or
CMRL, in a humidified incubator at 30°C with 5% CO,.

If the islets are intended for transplant, the currently pre-
ferred procedure is to maintain them in media such as
Miami #1 with 0.5% human serum albumin and to effect

transplant as soon as possible after isolation. However, some
studies have suggested a period of culture during which the
immunogenicity of the islets may be reduced, potentially
enabling the use of less severe immunosuppression.**

Manual method

Liberase is injected into the pancreatic duct through a
syringe with a pressure of up to 300 mmHg. The distended
pancreas is placed into a sterile container, warmed to 37°C
and agitated gently to aid digestion. Frequent samples of the
digest are taken to monitor the digestion process by noting
the presence of free islets. Dithizone is used to stain the islets
to distinguish them clearly from exocrine tissue. Upon com-
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pletion of digestion, enzyme activity is terminated by cool-
ing and the addition of bovine serum albumin (BSA).

The digest is then added to cold UW solution to
increase the difference in densities between the endocrine
and exocrine fractions. More efficient islet isolation is
obtained using centrifugation on a discontinuous density
gradient prepared with Hanks” balanced salt solution and
Histopaque (polysucrose and sodium diatrizoate). After
centrifugation, the interface containing islets is removed
and prepared for culture® (figure 4) in either conventional
static culture or a rotational cell culture system* in suitable
media and maintained in a humidified incubator at 30°C
with 5% CO.

Comparison of semi-automated and manual methods
Cost

The manual method of islet isolation is less expensive to
establish than the semi-automated method as it does not
require construction or purchase of digestion chambers, gra-
dient makers, peristaltic pumps or a COBE cell processor.
The use of consumables such as density gradients, serum
and physiological salt solutions is also reduced when the
manual method is employed. The two methods use the
same amount of Liberase, but the semi-automated method
requires more laboratory staff than the manual method and
as such adds further to the costing, making the manual
method generally a more cost-efficient procedure for isolat
ing islets. The average cost of a single isolation is pres@
about £3,000 by the manual method, while the cos
semi-automated method varies between £5 %
£14,000 (personal communication, Dr S Hugh@ﬁ

nd

rd).7

N

Yield \2\ Qy{
Neither the manual nor the semj augaated d
extracts all of the approximately oge“illion j m a
pancreas, but the semi-automat thod aIIy pro-
duces higher yields than the nfa eth ith so many
factors affecting the isolati ss, it urprising that

yields vary from as low 4s ,0
~150 um) to more 0,00
semi-automated d. 2032363 ields from the manual
method also v onsiderably, *from ~80,000 IEQ to
300,000 IEQ} depending on the quality of the pancreas.

Leading ceftres using the semi-automated method
report successful isolation of clinical grade islets from
25-75% of pancreata received,”" while the manual method
employed within our laboratory results in the isolation of
viable islets from at least 90% of pancreata received. Thus,
the semi-automated method gives a higher yield per pan-
creas, but is suitable for fewer pancreata than the manual
method.

The question of how pure islet preparations should be for
transplant has produced two schools of thought. According
to the first school, the beta-cell preparation should be as
pure as possible to replace mostly endocrine tissue; accord-
ing to the second, because communication between the
endocrine and exocrine fractions may be important to islet
function, viability and survival, the presence of exocrine tis-
sue could be helpful. Attempting to achieve very high purity

islet equivalents,
r pancreas with the

Figure 4. Human islets isolated at the Islet Research
Laboratory in Worcester, UK using the manual method of islet
isolation. The islets have been separated from the exocrine
tissue by density gradient centrifugation and are stained red
with dithizone

NN
l@v an @oss of beta-cell yield as there will be
density ranges of the endocrine and

%overla \%{\e
é ine fr @ during density gradient centrifugation.

eparations acquired using the semi-automated
met)@: isolation are used for transplant when a purity of
>%30% ‘has been achieved.” The manual method generally
in islet preparations with a range of purity of 60-85%.
cent evidence suggests that the presence of some
exocrine tissue in the transplant material may improve graft
performance, possibly by providing a source of beta-cell
progenitors.*

Application

The semi-automated method of islet isolation has been stan-
dardised and conforms to the strict regulations governing the
quality of tissue suitable for clinical transplantation. Hence,
this method is preferred for centres involved in an islet trans-
plant programme. (Manual methods would require separate
validation.) Although the semi-automated method tends to
result in higher islet yields per isolation when it is successful,
the purity of the islet preparations obtained in this way is not
necessarily superior to those obtained by the manual
method. Due to the lower cost and staff requirements of the
latter, the technique lends itself well to the purpose of
acquiring good yields of high-viability islets for research pur-
poses. When semi-automated isolation gives an insufficient
number of islets for transplantation, or when the islets are
deemed unsuitable for reasons other than viability, these
islets may be used for research.

Functional integrity of isolated islets

The morphological status of viable human islets obtained
by either the semi-automated or manual isolation proce-
dures, as indicated by dithizone staining (figures 3 and 4),
does not take account of the highly variable functional
capacity of these islets.” Moreover, the preservation of

10
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Figure 5. Static incubation insulin secretion from human
islets isolated at the Islet Research Laboratory in Worcester,
UK by the manual method of islet isolation
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optimal function for the period between isolation and
implantation can be crucial to successful transplantation.

Prior to transplant, the insulin secretory competence of

islets is typically assessed during a short-term (1-2 hou
static incubation of islets in a low (sub-stimulatory)
high (stimulatory) concentration of glucose. The tot,

lar insulin content of a sample of the islets is also %
to help determine functional status.” In our | y th
insulin response to other secretagogues, glu
with theophylline, is routinely assessed, @ro dlng a
indicator of functional capacity (figure

integrity of the dynamic phasic response to t reta-
gogues is a valuable indicator of ch lets (fig-
ure 6). An important focusf r e res ill be the
preservation of high- quaI 0 of ially the cur-

rent use of multlple anc e%u an attempt to
obtain sufficient IS| susta % lin independence

of the recipient.1013 Q\

Conclusion <r/

Particular attention is now being directed to the quantity and
quality of human islets in order to meet the demands of
expanding transplant programmes and increased interest in
diabetes research worldwide. The semi-automated and
manual methods offer different advantages and disadvan-
tages. Notably, the manual method can be used to retrieve
viable islets for research from pancreata that may be consid-
ered unsuitable or unlikely to yield highly viable islets for
transplant by the semi-automated method. The manual
method is likely to appeal to researchers who require a cost-
effective and reliable technique for acquiring sufficient num-
bers of high-quality human islets for their research. However,
a successful isolation using the semi-automated method gen-
erally results in a larger islet yield than the manual method
and this technique has been approved to produce clinical
grade islets for transplantation. There is an important case to

Figure 6. Insulin secretion by perfusion, showing the
dynamic phasic response from human islets isolated at the
Islet Research Laboratory in Worcester, UK by the manual
method of islet isolation

—— 1.67 mM glucose

300.0
@~ 16.7 mM glucose
16.7 mM glucose +
- 250.0 10mM theophylline
>
£ 200.0
c
2
© 150.0
1=
7
«n
c
= 100.0
123
£
50.0

0.0 T T T (\ N T T T T T T
0 10 20 3 0 60 70 80 90 100 110
\ Time (minutes)
Values are msu]m eleeb?{ an islets per chamber. At time

20 min 16.7 uc e and 6 glucose + 10 mM theophylline

were intro o retur| mM at time 70 min to show a
reductlo a msuh t|o

de f’/I g both methods available to maximise the

a~donor tissue.

A no Iedgements

thanks to Dr Steve Hughes from the Islet Transplanta-

n Research Group, University of Oxford, for his input

regarding the cost of semi-automated islet isolation in his

laboratory. This work was part-funded by a grant from the
Rowlands Trust.

Conflict of interest
None declared.

References

1. Close NC, Hering BJ, Eggerman TL. Results from the inaugural year of
the Collaborative Islet Transplant Registry. Transplant Proc 2005;37:
1305-08.

2. Paget MB, Downing R. Advances in islet transplantation and the UK
Islet Transplant Consortium. Practical Diabetes Internat 2003;20:150-
4.

3. Ballinger WF, Lacy PE. Transplantation of intact pancreatic islets in rats.
Surgery 1972;72:175-86.

4. Scharp DW, Murphy JJ, Newton WT, Ballinger WF, Lacy PE.
Transplantation of islets of Langerhans in diabetic rhesus monkeys.
Surgery 1975;77:100-05.

5. Scharp DW, Downing R, Merrell RC, Greider M. Isolating the elusive
islet. Diabetes 1980;29(suppl 1):19-30.

6. Ricordi C, Lacy PE, Scharp DW. Automated islet isolation from human
pancreas. Diabetes 1989;38(suppl 1):140-2.

7. Sutherland DE, Matas AJ, Goetz FC, Najarian JS. Transplantation of dis-
persed pancreatic islet tissue in humans: autografts and allografts.
Diabetes 1980;29(suppl 1):31-44.

8. Traeger J, Dubernard JM, Ruitton AM, Malik MC, Touraine JL. Clinical
experience with 15 neoprene-injected pancreatic allografts in man.
Transplant Proc 1981;13:298-304.

9. London NJ. Clinical studies of human islet transplantation. Ann R Coll
Surg Engl 1995;77:263-9.

10. Shapiro J, Lakey JRT, Ryan EA et al. Islet transplantation in seven
patients with type 1 diabetes mellitus using a glucocorticoid-free
immunosuppressive regimen. N Engl | Med 2000;343:230-8.

11. Nanji SA, Shapiro AM. Advances in pancreatic islet transplantation in

VOLUME 4 ISSUE 1 - MARCH 2007



PERSPECTIVES

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

humans. Diabetes Obes Metab 2006;8(1):15-25.
Ryan EA, Paty BW, Senior PA et al. Five-year follow-up after clinical islet
transplantation. Diabetes 2005;54:2060-9.

Ricordi C. Islet transplantation: a brave new world. Diabetes 2003;52:
1595-603.

Huang GC, Zhao M, Jones P et al. The development of new density
gradient media for purifying human islets and islet-quality assessments.
Transplantation 2004;77:143-5.

Goto M, Eich TM, Stahle M, Malmborg A, Engkvist M, Korsgren O.
Technical improvement of human pancreatic islet isolation. Transplant
Proc 2005;37:1313-14.

Coore HG, Randle PJ. Regulation of insulin secretion studied with
pieces of rabbit pancreas incubated in vitro. Biochem J 1964;93(1):66-
78.

Hellerstrom C. A method for the microdissection of intact pancreatic
islets of mammals. Acta Endocrinologica 1964;45:122-322.

Keen H, Sells R, Jarrett R). A method for the study of the metabolism of
isolated mammalian islets of Langerhans and some preliminary results.
Diabetologia 1965;1:28-32.

Moskalewski S. Isolation and culture of the islets of Langerhans of the
guinea pig. Gen Comp Endocrinol 1965;44:342-53.

Lacy PE, Kostianovsky M. Method for the isolation of intact islets of
Langerhans from the rat pancreas. Diabetes 1967;16(1):35-9.
Sorenson RL. Isolation of an insulin secretion granule-rich fraction from
rat islets. Anatomical Record 1968;160:498.

Downing R, Scharp DW, Merrell RC, Greider M, Ballinger WF. Venous
vs ductal distention of the canine pancreas for isolation of islets. Surg
Forum 1979;30:422-4.

Horaguchi A, Merrell RC. Preparation of viable islet cells from dogs by
a new method. Diabetes 1981;30:455-8.

Noel J, Rabinovitch A, Olson L, Kyriakides G, Miller ), Mintz DH. A
method for large-scale, high-yield isolation of canine pancreatic islets of
Langerhans. Metabolism 1982;31:184-7.

Gray DW, McShane P, Grant A, Morris P). A method for isolation of
islets of Langerhans from the human pancreas. Diabetes 1984;33:
1055-61.
Ricordi C, Lacy PE, Finke EH, Olack BJ, Scharp DW. /-\uto
method for isolation of human pancreatic islets. Diabetes 198
413-20.

Alejandro R, Strasser S, Zucker PE Mintz DH. Isolation a tic
islets from dogs. Semiautomated purification on alb ients.
Transplantation 1990;50:207-10.

Robertson GS, Chadwick DR, Contractor H, James RF, on NJ/The

optimization of large-scale density gradient isqiatiof, of humayf islets:
Acta Diabetol 1993;30(2):93-8.
Linetsky E, Bottino R, Lehmann R, Alejang€o R, Inverardid,, Risordi C. 47.

Improved human islet isolation using a\gpewsenzyme, iberase.
Diabetes 1997;46:1120-3. 53\ @

Lakey JR, Warnock GL, Rajotte R\/et 2/ ariable donors that
affect the recovery of humanyislets of Lan ransplantation
1996;61:1047-53. %

Benhamou PY, Watt PC, et al %a islet isolation in 104
consecutive cases. FacB‘X{ffe ting isdlatiornsuccess. Transplantation
1994;57:1804-10.

Mahler R, Frank ring BJ et algvitience for a significant correla-

C

33

34

35

36

37

38

39

40

2
44. Ru

46

48.

49.

tion of donor pancreas morphology and the yield of isolated purified
human islets. /] Mol Med 1999;77(1):87-9.

. Butler AE, Janson J, Bonner-Weir S, Ritzel R, Rizza RA, Butler PC. Beta-
cell deficit and increased beta-cell apoptosis in humans with type 2 dia-
betes. Diabetes 2003;52:102-10.

. Contreras JL, Eckstein C, Smyth CA et al. Brain death significantly
reduces isolated pancreatic islet yields and functionality in vitro and in
vivo after transplantation in rats. Diabetes 2003;52:2935-42.

. Goto M, Johansson U, Eich TM et al. Key factors for human islet isola-
tion and clinical transplantation. Transplant Proc 2005;37:1315-16.

. Lakey JR, Kneteman NM, Rajotte RV, Wu DC, Bigam D, Shapiro AM.
Effect of core pancreas temperature during cadaveric procurement on
human islet isolation and functional viability. Transplantation 2002;
73:1106-10.

. Matsumoto S, Kuroda Y, Fujita H et al. Extending the margin of safety
of preservation period for resuscitation of ischemically damaged pan-
creas during preservation using the two-layer (University of Wisconsin
solution/perfluorochemical) method at rees C with thromboxane
A2 synthesis inhibitor OKY046. Tra n 1996;62:879-83.

. Noguchi H, Ueda M, Nakai Y ef/al’ ified two-layer preservation
method (M-Kyoto/PFC) impri 2&«% yields in islet isolation. Am J
Transplant 2006;6:496-504. O\

. Matsumoto S, Kuroda Y. Retfl arbon for organ preservation before
transplantation. Transpl. iofr 2002;74:1804-09.

. Ramachandran S, Dé%i NM, Goers TA et al. Improved islet yields from

pancreas preseryed in pérfluorgearbon is via inhibition of apoptosis
mediated by ndrial . Am ] Transplant 2006;6:1696-

703.
X, L@Cheng SB, Shapiro AM, Lakey JR.
sessmer&

. Barnett
Qual t% f dallagenase blends for human islet isolation.
on 20 SA23-8.
i @ Lake ing BJ. Challenges toward standardization of
gy. Transplant Proc 2001;33:1709.
akrishna B, Gunasekaran S. Reduction of immuno-
ophosphamide pretreatment and culture on xenograft

hili

: nici
survi
:235-41.

nkey pancreatic islets transplanted into rats. Pancreas

LP Bilinski S, Kloc M et al. Microgravity culture condition

duces immunogenicity and improves function of pancreatic islets1.
splantation 2002;74(1):13-21.
MHeald K, Jay T, Downing R. A simple method of human islet isolation.
Diabetic Medicine 2000;17(suppl 1):123.

. Murray HE, Paget MB, Downing R. Preservation of glucose responsive-

ness in human islets maintained in a rotational cell culture system. Mol

Cell Endocrinol 2005;238(1-2):39-49.

Guignard AP, Oberholzer J, Benhamou PY et al. Cost analysis of human

islet transplantation for the treatment of type 1 diabetes in the Swiss-

French Consortium GRAGIL. Diabetes Care 2004;27:895-900.

Shapiro AM, Ricordi C, Hering BJ et al. International trial of the

Edmonton protocol for islet transplantation. N Engl ] Med 2006;355:

1318-30.

Street CN, Lakey JR, Shapiro AM et al. Islet graft assessment in the

Edmonton Protocol: implications for predicting long-term clinical out-

come. Diabetes 2004;53:3107-14.

12

DIABETES AND VASCULAR DISEASE RESEARCH




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.stephensandgeorge.co.uk/pdfportal.html)
  /PDFXTrapped /False

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /ENU (These are high-end output settings for creating PDFs which conform to the S&G Print Group. They are also very similar to the ISO PDF/X-1a standard for global blind exchange of the PDF file format for print.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


