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ABSTRACT

Background: Identifying the donor and isolation-related factors during the islet isolation would be greatly
helpful to improve the result of human islet isolation for successful clinical islet transplantation.

Methods: Sixty-nine pancreata from cadaveric donors were isolated with standard protocol and analyzed to
identify the donor factors and isolation variables for successful isolation. Islet isolations recovered > 100,000
Islet Equivalent (IEQ, n=53) were compared to islet mass less than 100,000 IEQ (n=16).

Results: The mean islet recovery was 216.0 % 10° + 173.7 x 10° (IEQ) before purification and 130.6 X
10° + 1402 x 10° (IEQ) after purification. Mean purity was 54 + 31%. Mean age of donor was 31.2 = 13.2
year and mean cold ischemic time was 6.9 + 6.2 hour. Quality of isolated islets was acceptable in terms of
bacterial culture, viability and secretory function in vitro and in vivo. In univariate analysis on successful
isolation, status of pancreas was the only significant factor and sex, duration of collagenase expansion and
digestion time were marginal factors. Stepwise multivariate logistic regression analysis showed donor sex,
status of pancreas and digestion time were significant factors for the successful islet isolation.

Conclusion: This study confirms some donor factors and variables in isolation process can influence the
ability to obtain the successful isolation of human islet. Enough experiences and pertinent review of donor and
isolation factors can make islet isolation successful, supporting the clinical islet transplantation without

spending of cost (J Kor Soc Endocrinol 21:22~31, 2006).

Key Words: Islet transplantation, Islet isolation, Human pancreas

M

rHu
oft
0 &
rlo
§]
i
ok
olN
ojt
k
r (o3
—%
3‘:
0
N-E
~
E
)
gk

[}
WHA AIEA 25ul, ARA] Al 40ul, AT A zsuH ¥EF

A5Y7k 20059 79 13
2,30l =) A13] 7ézﬂz-1—i wj$- ZAo]n] At ARlel]

Z3dzl 200549 104 18¥Y
ARIAAL: 747, Agolbgl o)z
* o] = 2002 gzl g Agte] Aol oJste] ATl (KRF-2002-041-E00135).

- 22 -



— 74 9] 79) A% LS A ele) EE)

A THL 28 49 AL A Azl Asleloill.
Fae] A gEe A 5, Aole, du’l AL
W S0l A=A ik QlERl A 87F 192215 8] AR
T3 h A% X g5 Pk A 94 3
g5l oJ3t Ao 1 Eo) Jaarel] o3k whAdjt
el A A SAsks delleltt 1993139] Diabetes
Control and Complication Trial GroupellA] AJe§gt H 310]]
olshH A2l Aol 7Pk 1A% dzAute] Rkl
e oA = Slekar s9leh2]. 2 o] & SleiAlE )
Folle Fxiele] FdaA 1l o] dEdl 4 s
gl Aol e o] Welx]ojof sluE hAlofAlE QI A
ol vl oleg FelE ZefshA Hrk o|2g HelA] &
< AlEBE R Qe ARl A3] 1 Hle oA qledl e
o] A X 59| 3HE SEY F I MEF X|age
Z 453 vt Qi) ey Aol 8 e
)9 ol g sol TANKIEAL glek RbHol|
o412 Heldh A A Aslolae] viok o welz
A Fo] Al ) 22k Al o glom A AlEE
717 BE B3k 3 ¢ Qlo] AR ofF 1wl % Ago] 7
Stk B3k o]Fol4 o] wukgo] S5 A9 A 52
o] &3t 73k Al AlEe| FHE hsshe vl 7k
Az Z glol 47 oldel Thsshhe ol <
ol e A2 oliHlel A EMe rhel e
ALt flollA g3 de] F3a Al o)X Avte}
PRl E3lar S o] X grje] A2 o R §As}
=R Fhe 7P & A s Al 2ol whe vy
o 4 o) Ao olblel Fa ) A AE
7} AR Sk ekl skl sk 2% A 3
o] st A Leldt Al AlEE 3 Ae] rodRlelAl
o|alioksl= HIAEA] Agolrt oAt FAKS A

ot o

)

5 ol ¥

=
a

o

-

Roeot

M

S -
A

oX

Hell wjx]= 2.1lell

2ikis

HE

A ol sk AE A He) A B85S Hoislel 715
@ A gos Be o) HE AES Pelsh Holrk

AAPIA A= AIES] 2] Aol] Bofl QS et
L R Aol ol ARt A AlEo]4lo] o)
4 QI77} 202Q) Shlell v glk B QI 6ol
Ao G At S AIE Belol ek @S ke

Al&A

R= = |
E AR 22 A 8 el el ot A3t el

A= AlE Zeloll Hofsl= Aol izt T4 Al=sisick

CHAF 2 dbH
1. 22| 2 oAl QI8 EF AlM 2 22|= =
MIZEL| ESE 2| (quality control) HHHo| MA

B A5 918l A7A=2 w15 FDA 3 ¢-GMP (current
Good Manufacturing Practice)ol] 2= A4} 2] gl o]¥]

W, 2elE Als Al FAREE skl

2. Tl 7ISRIZRE| HE TS

199611 1957¥] 20031 64 Atolof] 69¢11¢] 7] 5ol
et S5 T HARAERE GubE )l #0449 A
A 753 7ol Ale TSI HARRe] ER-E At
o7 JRESE = A ok 719 ol daidE Wik
F5 A= AlEe] anE]l FelE 9 HARe] s
200 mg/dL o]l =Ases darls AgsIgic
3k B9 AolAAl Abjlsle] A o & Aol
= ARsdcl ebg7Ioke] FE AES S13 died B8l o
A 2909 vl Al ==l 20000 UE A £
slodel. tsHS %3l histidine  buffered

ketoglutamate (HTK) 89§ Z== University of Wisconsin

3

tryptophan

Collagenase
Infusion

Fig. 1. Schematic diagram on islet isolation and transplantation of human pancreas islet cell.

- 23 -



— diRhEERIA]: 421 F A1 2006 —

Table 1. Quality Control Items

Islet quantity
Counting by size
Islet equivalent count
Islet volume

Islet sterility

Samples

Islet purity

Determined by dithizone stain

Donor pancreas/Reagents/Processing steps/Preserved islets/ media

Testing:
Endotoxin
Bacteria + fungus
Mycoplasma
Islet viability and function
Counting living and dead islets

In vitro: Insulin stimulation index
In vivo: Rodent transplants (Nude mouse)

solution (UW £<°) (Dupont Pharm, Wilmingtom, Del,
USA) 3 LE 373 opgdullg W-pAlZich et g4l
A e A 9 F5E A7)l Hol Ao £
F|a=sbslgick viAet A A& A vl vl o
TFailollA] A7lolA] Agh vpPZIAI R Ak UW & &
off A= AlE el A7EA Hapsisick WA Hak AP
7hsst W] Hle AlE AR Sk 7P o]l W
18 HE A2 3~6A17k2 2 slgler = A Eeld

© b A7) ol4j3t o] HAY T =4S Ao
S|

h

sl vAE A 4ol 71l oAl EEld 3 A&
A FAE Ak 55 AP AAE Q] Ao
FAEY HE (hardness), B 9149 E4A Rl wle} £

w 2E, vHEe] 3EAlE T slgick

Of
r

)

off

3. A= M=ol 22| A (Fig. 1)

A= AES] F2lE fl3ixle w3 Ricordi {612 W
WS AR83l9drl Liberase HI (Roche Lab. USA)E F%
=) Hank’s balanced salt solution (Gibco-BRL, Rockville,
MD, USA)ell 1.5 mg/mL2] EE& o] pH7} 7.380] EA|
slo] Agsidick ZEIAE FAX A ARk 3
liberase 45 FUsjo] WRAZIE WA A 6870
= Agklo] Ricordi] Hel7loll ¥ 3 slakeh Aeolla
BEg EEA B2E AAgih #alole] Luk 2
Ex2AAA S o]-8310] liberase H47} AP WeollA] 53]
Al ALt $17] 918l Sk 108 28] ARk Rl
A 3 108 FHE] 128 A0 400 pm F719] 22
== &l vese §Hs A%l 02 mM Dithizone
(Diphenyl thiocarbazone, Sigma, St. Louis, MO, USA)2
E gk 3 dnlgstollA] slgic Al A2} APgel
S ERRE FelEe S v slellA] sk
A| 423} (digestion) A7} HAsictar Ab=lS off 49}

5 FAA7 2319 FAZ 9 A7LE RPMI S
g ol g3to] 200 mL WA FPsha e
AXE Aol Fol Hel7|e] 5 whEA] Wigiel Feld
et wlg] g oll FHlE 10% S-Elet FA (Fetal
bovine serum, Gibco-BRL, Rockville, MD, USA) %=+ A}
g gkRule] @71 250 mLe] U5 FHell Roy Rolxl
R 1000 pmold] 3270 33] QAReld ¥ 2eln =
Zoll 100 mL2] HBSSE A% A= AE2] 85 AHE (islet
yield)E *7Fsl7] 13l 50 uL& xFsiick <+ £els
a4 = A7)l Ficoll (Sigma, St. Louis, MO, USA)
< o83t n|odEA] v (static gradient)S ARSI o,
2001 o]Fell= ZIAIE o83k AEskd A5A W
(continuous gradient)s AR8-5}3ic}. Ficoll o] 8%+ vlad<:
A a2 870e] FHell vre] 1000 rpmellA] 4-527F <A
22l F Ficoll H]QAEA BIFAE o] dslo] & el
3193} Ficoll 540 g5 Euro-Collins-8-°4 (Fresenius pharm,
Hamburg, Germany) 1.5 Lell £3X]Z1 3 Ficoll 500 g%
HEPES (N-2 Hydroxy ethyl-piperazine-N’-2- ethanesul-
fonic acid, Fisher, Gibco-BRL) 8.937 g 7|t ¥ pHE
7.47} =] 3lo] 7182 GNg Azt nhEelRl Sl
Euro-Collins-88S- o]-gslo] 557} 1.108, 1.085, 1.0692]
HUEZ Alzslo] Agsioick W=7l 1.0859) 1.069 Alo]ol]
BoJRl AEFE AFlste] A= AlEdS =RIgE ¥ AR
7} 49l X718~ HBSSZ A¢] 257k 1000 rpmeollA] 23]
el % 4o vzl ¥ AEAeR o8 24 1
Sit) o]AlE fJslods EAIES] HEFE] (quality control)
% heparin®] E019= CMRL-&Hol] EAEE 2o} Halz]
whgel] oJll oAl AFsskE QA5H rEelE Sl
A& Cobe 2991 (Cobe, Lakewood, USA)-S o]-&3s}3ich
e AlEE Z27)dle widke AXsEA] gksket A%
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Table 2. Donor Characteristics of 69 Human Pancreata for Islet Isolation

Age (mean = SD)

Sex (M:F)

Cause of death (trauma:non-trauma)

Cold ischemic time (mean * SD)

Weight of pancreas (mean * SD)

Blood glucose (mean + SD)

Gross appearance of pancreas (good:moderate:bad)

Body mass index (mean + SD)

31.2 + 13.2 (years)
54:15

46:23

6.9 + 6.2 (hours)
70 £ 28 g

150 + 69 (mg/dL)
27:23:19

213 + 3.1 (kg/m’)

2 elek Al Al el flsiAE M199uekzt
10% FBS, 2 mL glutamine, 10 mM HEPES, 100 u/mL
penicillin, 100 u/mL streptomycin®| ¥ SH-5 o]-8s}
ek 28l F 3t B2k 37°C, 5% CO,2| 271ollA] wi
Fslal 1 F 48417k F]E2 24°CollA] ueksldr

4. H= MZEQ HEzia

Bal5 A% AlEe] AEIel= Table 101 JAs0] Fe
2 =l 48417k vllok & F wlok ZA} (bacteria, fungus,
plasmid), €3 HHl5 AL, DNAR AlEU] &l 3k
2k Z1=A|4= (stimulation index), viability A}, Bx7F
W nude wh2ol] o)A - ddk 24 55 ARSI of
T T ek A= 8E TNl Qlglsle] HAkslgl o
2 flolle AN AAssdck

FE-5 30 mg/mLe} 300 mg/mLe] £

=
£92 348k RPMIMNde] ©7) petri dishell 212 7]
Q%] Bulo} Tregt AL TRE ¥ s Bl QA4S 9l

7 I 555 E9lsle] 37CollA 1417 B3 B

% 3% 7 3000 rpmelld] F4Ee] 3k ¥ 200
Lo FES xfslo] 47 (Enzyme immunoassay,
EIA) S o]8&3lo] l&alS Z4sI9lch 3o Bt Alolle
-20Col] Bslgict QlEwle] Huls Axs A= 78k
3 =7l el 71 QIR o] ulE Fale] AS A
< (stimulation index)Z F8}c) ZF AL 579 £E

o7 AAJsto] Bk Fssick

b. MIZL| ¢Ql=8l 872 (Intracellular insulin

content) ¥ DNAS| HEHHA}

22 50 uLE AHslo] 1 mLe] PBSell Al F 0.5
mL2] X}7}$- acid ethanol (37.5 mL absolute ethanol/ 0.75
mL conc. HCI/11.75 mL H,0)& 3718t ¥ 1027+ 259}
(Labsonic, Braun, Melsungen, Germany)E AR&3lo] A|E
= BlEiick 3 3 18AI7F oA 4°CellA] & ¥ 1587

Al 3 ¥ 250 pLE AEste] EaihgE ol8st
&3S Z43190ck DNAC] ZA4S QlsliA= d4liel
g & dolBle AAIE A5 B3l ] A=A $F 7
Algddell 500 pLe] AT g5 &ols A7Idt % 1027
sonication A|Z1 & 100 pLE =Hslod 99. 5 pLe] TESH
0.5 pL9 picogreen% o]-83}od fluometrical DNA assay%
AR oful] & gHoF 2 pg/mlQ calf thymus
DNA type (Sigma, St. Louis, MO, USA)Z o|-g3}ic}. 7+
Age s7le) Frow Aol FFe Hisick

c. F= 0]4

Nude "R ©]4] 1094 streptozotocin (Sigma, St.
Louis, MO, USA) 240 mg/dLE AW FAsle] dF dIot
o] 350 me/dL o14] 3 o4 A%E wl2ol Bsjod A
5 AIZE ok A= Al AA W 7ISAEE &
7] 9180 48A17F wlokE A= AEZ 7} 750, 1000, 2000
Islet Equivalent (IEQ)E FHIsIch wl9-xo] npH+=
thiobromoethanolS 57+ W FAs19 o & 5% A7)
5l RS =E:AReH AdEehE AN = AN
= B3l Al kel Eelolldall ol oRlEl A= Al
2 olsigick o4 F 174 v WAL AARLe
el B 1500 334 AR, 014
#e vl $2s0] Qo] 200 mgidL oleE AT 149
AT ol Hel A4S Adlsle] B Aol

=
Rl 735 dure] 2AEE Zor Aogivt

d. Viability test

E2% H|= AZEE fluorescence diacetate (FDA, Sigma,
USA)%} propidium iodide (PI, Sigma, USA)S o|-&3F A
Aoz sk FDAE acetoneol]l 5 mg/mLE, PI
£ HBSS| 0.75 ME 5Z08 wh5o] WerI sl9jon
vljekE A= AE 50718 PBS 1 mLI}t 7| 24 well plate
ol] 32 oy7]el] 535 FDA 5 pL2} PI 100 uLE ¥ Al
<3517 W3 Av)7 (1X70, Olympus, Japan) o}efell ] 22
3ick FITC HEl& Agshd 547 24 o] FAoll
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F=lo] FDAoN Al Aot gl AlEE SAYFE 5
2 A|Z2] DNACI AH Adtsh= Pl 24 &go] Ao
o] Uehdtl Viability o] FERe FAQl 9x1E 5

317 93l P53 3 Aol oef kel slglow
50709 A= AES 77 5% 2] Aol 2 e sho] A3t
3 o|& Hsisick

5 EA

S el 22 424 A oA e Aok
S8 Q7] A S TR Mg HE AT
212 100,000 (EQ) oo & 7]Fsle] 100,000 (IEQ)
o]x]—._o_ Al =, 100,000 (IEQ) ulul & Adgt o
ol vlaslsle o 8l S o9, 4
Trole] F5, ARG, WS FAIZE (cold ischemic
oo HAElem, A= A Feldl Hofele 22l
o2 Aol §9F Al collagenase X liberase 9 Al
o4 A%, collagenased] 5+
T 8 AR

tlme)

it (collagenase vs. liberase), T

2213t e
Statistical Package for the Social Sciences (SPSS, 6.1;
SPSS Inc, Chicago, IL)E AR&sllon] o3& wg2] 7S
BE5E 7L Student t-test, B]ETE S Wilcoxon
rank sum test, H]91< M=) 739~ chi-square testS ©|-8-}

Ak U}Hdik 4

= o
o=

=
1) BE

=

& $1804= multivariate stepwise logistic

regression W& A8k
2 o
1. FAFQ = ME 22| Zot
AT 717k 51t 694dle] QA HIE A ZE|7} o] Fol5)

ow] o]% lloll tiejo] EAA o] olFoizick 14 7]
AL 9l #Pge] B4 Table 29} 2o} HARK] S oIF
2 312+132 4, ¥ BlE 3.6:1019em HF WHE A
7 6.9 + 6.2 Az ol 7SRk HE AARATE
21.3 +3.1kg/m’*0]9.2™ collagenase BT FYAIZHE 27.2

+12.6 Fo]2tk. Collagenase 3+ A|7H 3 23.7 +13.6
£ ol9 =4 H2] (purification) A H A= A E2] 5
= 2160 x 10° + 173.7 x 10° (EQ)°]Ytk HHF =&
(purity) & 54 +31%°]9em = He| o] Hi =AE
o] = 130.6 x 10°+ 140.2 x 10° (IEQ)°|%ick o]+ A 1

g2 1676 + 1475 (IEQ)°Iich & Hel 3o AT AX

FAELE AT 54% ek ARH el 69ddlellAe] A= Al
3 Feloll uist A7h= Fig. 29F 2k
2. 22|18 A= M=o st S22 (quality
control)
1) EI-I
Z Helg) SHkgol ) e A FollA] DA kS A sto]
Al gl gl Fekm| = ol thik wliek 744 733} 30jo]]
A b oo gk d Aol 4] Gram () rod Fo] WA=
o} wifg- A2 Fo g A 7 il AkA] ke
1 fof] MAE sl

2) °._I§EI =HIs ¥ MIZ=LY

mg/chﬂw 1*]7,_
it TJ] .
U/ng/hro]$l.2™, 300 mg/dLA Tgow | 4 7+ A= wlok
& e ERle o2 HE 0208 UnghrZ A=A
4679} A|ZTe ¢l<al shgeke

(stimulation index)+& T
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Fig. 2. Chronological change of islet yield (IEQ) from human cadaveric pancreas. It shows

gradual increase of islet yield since first year of isolation. Shaded bar shows islet

yield after purification.
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Table 3. Insulin Release and Intracellular Insulin Content
Insulin at 30 mg glucose/DNA (mean * SD, U/ng/hr) 0.045 + 0.02
Insulin at 300 mg glucose/DNA (mean + SD, U/ng/hr) 0.208 + 0.11
Stimulation Index (mean + SD) 4.67 + 2.33
Insulin content /DNA (mean * SD, U/ng) after COBE 5.64 = 3.23
Insulin content /DNA (mean * SD, U/ng) after 48hrs culture 6.47 + 3.23
A
500
z
[=T0)
£ 400
% nephreciol
S 3w
C
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2 2w
==}
100
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S m 10001EQ
ki [ 2000IEQ
-
” =
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Fig. 3. (A) Glucose control after islet transplantation into nude mice in representative cases. Blood glucose level was
elevated to more than 400 mg/dL after nephrectomy of islet-bearing kidney. (B) Cure rate of diabetes in nude
mice according to number of transplanted islets. Euglycemia was obtained in 30% of nude mice for 750
(IEQ), 40% for 1,000 (IEQ), and 90% for 2,000 (IEQ) transplantation.

COBE 299102 H2] &% HF 5.67 U/ng, 48417k wljok 3
6.47 U/ngo|3ic} (Table 3).

3) Vital staining
Fluorescein viability assay& ©]-8s}o]
viability = 95% o]tk

4) #F|= 04 (Fig. 3A, B)

H= AN ZE2 in vivo 755 Al2Bsl7] S1ste] 48417k w3t
SAIZE 27 750, 1000, 2000 (IEQ)S o]Al3t A3} 750
(IEQE oAt 73 30%elx o] =4x|9lom 1000
(IEQ)E o438 7% 40%°llA], 2000 (IEQ)E ©1A3F 73
90% N4 Grdo] =4 et. dde] =4 AFolA 17HE

F o] AL AR LS W) Pol PSS WE 59

fe) Ko<
Aa 2
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Table 4. Univariate Analysis on Factors for Successful Islet Isolation in Human Pancreas

Fail (16) Sucess (53) P
Age (mean, years) 30.8 32.8 0.60
BMI (kg/m?) 20.3 21.5 0.55
Trauma vs. non-trauma 12:4 34:19 0.35
Sex (M:F) 10:6 46:7 0.08
Cold ischemic time (hr) 6.8 6.9 0.95
Gross of pancreas 0.02
good 6 21
moderate 21
bad 8 11
Expansion time (min) 22 28 0.13
Digestion time (min) 32 21 0.14
Collagenase:Liberase 15:1 43:10 0.27
Total islet yield (x 10° IEQ) 40.9 268.8 < 0.001
Islet yield/pancreas (g) 471 3556 < 0.001

Table 5. Multivariate Analysis on Factors for Successful Islet Isolation in Human Pancreas

Variables P Odds ratio
Donor sex (M:F) 0.004 1.8
Status of pancreas (good:moderate:bad) 0.01 0.048
Digestion time (<:> 20 min) 0.009 0.895

ek
3. Fl= M= 22[0f| 2oi5t= QUXt0H| CHet 24

A8 E2lE 100,000 (IEQ)olo 7lFslo] 1k
= uf 53¢l7} olel] S3l9i e 100,000 (IEQHWHI o]
16edl7h ASAck whek FAollx] ZF ol] thsle] 715Ake]
o], AP=AT, ApLQl, 1l AW vlE 59 715A B
At F AF3 ellA FA 71S5ARE] vlge] =T (P =
0.08). FE3F o] 271 Seloz Weld AL el 4
o BAS 0] Ae) St el 9dlow e
kit (P = 0.02). =gk Ha] g2 29l % collagenase
type (collagenase vs. liberase), collagenase®] 9 Al7L
collagenase 28 A7t G5 BlLsl9E wll o] 5olAlE fre
8l o8 ubAst 4= 9l9lt} (Table 4). ©]5 Qz}ol] tislod
stepwise multivariate logistic regression 45 AJs§s}1&
] A 712 AAke] A, collagenase 2R AJ7F SOl
relgt IR} (Table 5).
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A= o)A A o] A I 11 o]} QlEH & e T U 271
2582 AIE (kg) ©8000-9000 IEQ ©]4Fe] A% o] 4],
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