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s Abstracgt

Insulin therapy has been unable to control the severe chronic
: v\

complicétions and'premaiure death suffered by a large number of diabetic -

.

patients, especially those with ‘insulin-debehdént diabetes mellitus.

Transplangéfion of)pancreatic isletis shows -promise of providing.optimal
, .~ - P
96ntrol,of carbohydrate metabolism and so of preventing the debilitating

chronic complicatins of insulin ‘dependent diabetes mellitus.Successful

modeld of pancreatic 1slet autotransplantatibn have been developed 1in

. . e ' ! o -
large animal but several barriers to human 1islet transplantation

remain: 1isolation of islets from human pancreata, suitable methods of

storage to facilitate, a large scale transplantation program, and methods

to prevent destruction .of the. allografted 1islets by the immune

-mechanisims of the recipient. This study addrj;ses the latter two

problems.

4 B
Pancreatic dispersed fragments from excised canine pancreata were .
. 3

prepared by collagenase ductal perfusioh,~mechanica1 chopping, vigorohs
t » )

agitation and filtration. Control animals were left apancreatic or were

'”immediétely autotranspianted by slow injectng,of the 1slet containing

. S
fragments into. the splenic vascular)space by way of cannulated hilar

veins. Three grogp; of animals recéived allotransplahts and were either
not liﬁmunosuppressed, ‘or receive&h'azathioprine 3 wg/kg/day and
v pfe&nisone 2'mg/kg/déy,or.Cyciospofin A (CsA) ZSfmg/kg/day. Sto;ag; of
islets in 1iquid'nitrogen was performed.after slow éooliﬁg~(0.23°C/min)
‘to -75% aftef s%sp equilibration with dimethyl sulfoxide (MeféO) to a 2
M cbﬁcentration. Ihawing a; k3.5ZC/min, Me,80 removal with 0.75 M’

?

sucrose and step dilution preceeded autotransplantation. A final group



.

w . .
Ve : LI
received allotransplants of frozen-thawed ‘tissue - to evaluate
1] : : .
cryopreservation as a method of ex-vivo vmeung}ogical alteration.

»

Evaluation consisted of plasma levels of glucose and insulin to monitor
engraftment and subsequent rejection, monitoring for* drﬁg toxicity

(hepatic, renal and hematologic function),h as well as intravenous
gluCOSe tolerance testing (IV GIT) and welght change as indicators of

metabolic control in acute and cryopreserved autografts.

1 ¢

.Apancfeatic controls died by 6.0+£0.5 days. Four éf 5 acutely

autotransplanted animdls maintained ~ normoglycemia, and 3 of 5

nondiabetic IV GTT K vaiues, for 5 18 months (K=1.51%0.24). Glucosq‘
tolerance was reduced from preop values (5.26&0.13), as weré peripheral
plasma insulin levels following glucose infusion. Four-of 4 dogs iﬁ the
final group to receive fpozep—thawed tissue maintained mormoglycemia,
and 3 of 4 nondiabetic K values, for > 12 months (K=1.56+0.26). -After
loss of 10 7‘152 body Qeight in the first month post-transplant, animals
of both groﬁps were aﬁle to stabilize gnﬁ then increase body weigﬁt.Non
immﬁposuppfessed allotransplanted dogs.rejected by 5.0%0.6 days and died

by 16.0+3.4 days; doés treated with azathioprine and prednisone showed a

decrease in duration of normoglycemia and survival but immunosuppression

with rbyclogprin A delayed rejection tof/19.315.6 days énd increased

survival to 33.344.6 days. Cyclosprin A was associated with no notable

tox&city. ) Cryopreservation of 1islet containing tissue  prior to

allotransplantation did not prolong graft function.

?Cyclospogin A 25mg/kg/day was able to delay rejection and brolong

survival of allotransplanted dogs without causing notable toxicity;

[

. . Vi .
neither azathioprine-prednisone immunosuppression nor ex-vivo treatment

by cryopreservation were able to achieve either. Cryopreservation was

. . ! @



able to atﬂ?% pancreatic fragments without‘detetiofgtion of long term

metabolic control after transplantétion. _ .

o / " .
[ ~ 4
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. I INTRODUCTION

¥ - A

v .
It Is ‘estimated "that there are 11 million diabetics in North

0

America; 5 million diagnosed (a nrevalenie of 2.3% of the population)
and_5—6 nillion undiagnosed. 1In 1964 325,000 new cases were diagnéked

‘and in 1973, 612,000 cases (an incidence of 0.3%)(1)q This may simply

reflect better investigdatidén of the population and better reporting but

it isvalso likely that the true incidence of diabetes mellitus (DM) is
increasing; by some"estimatés as much— as 6% per year.  D.M. 1s at
‘present the fifth leading cause of death in North America with 15,2
‘deaths/year/100 000 population. In_1977; a diabetic's 1life expectancy
was only 2/3 normal(z) | ’

The devastating complications.of diabetes aré manifest in ‘several

main ways: acute hyperglycemia (with or without ketoacidosis) and coma,

cardiovascular illness, renal failure, neuropathy, blindness and a host

K »

of metabollc and biochemical abnormalities. Evidence of coronary artery

~'sﬂ' 1 -a

&
disease is increased tenfold in the adult diabetic population and the

incidence of mYocardial infarction is’ doubled (3) Severity 1s also
‘incre:sed the post MI nmrtality is doubled in diabetics. - Diabdtics
suffer 3 4 - times more strokes than others and develop gangrene of the

Yo ve times,as often. Ten years after being diagnosed as diabetic,

5 and ‘52% of patients will have demonstrable. peripheral

»

neuropathy. : .,“

)

Chronic pyelonephri;%Z: occurs in 357 of dia etics,r asymptomatic

bacteria in 4402_ (vs 4—8% of the normal p pulation). Diabetic

glomerulosclerOSis is present in 10% of diabg¢tics; 1insulin dependent -

_'diabetes mellitus (IDDM) of over 10 years d

ation is associatedeith

virtually a 100% prevalence of glomerulosdlérosis, changes often being

e



a o
found within 5 yearsbofmdiaénoéis. Tﬁenty percent of new hemiodialyéls
. patients are -diabetics and 3600 diabetics die from renal f?ilure yearly
in the U.S.A. Qiabetes is now the second leading cause of rTnal failure
vin North America. Hémodialysis'is a ﬁajpr difficulty in the diabetic
with only a 6OZ‘2 year survival‘rgported in 1980. Transplantation is
likewise éffected with a 80—902 2 year sprvivql Qith living related
donors and only 50-60% 2 year survival with chave; don§rs. ‘The changes
of glomeruloscleroéis may be seen in ;he-transplantedrkidqey as. early as
‘2-3 years after tranéplant(l). .
| ’ Diébetics suffer an increaseq rate of catar ct‘formation, twice
the. usual increase of glaucoma,: and a 25vfoidrin?rga;é in blindness.
'biabetic microaﬁgidpathy ié obsérvable in most cases within 10 years.
Diabetes is the 1éadiné cause{of new cases of blindﬁess, SOOO‘yearlj in
the U.5.4.(1) | | -
. Why does diabetes; a disease thought to result mainly from

defective biosynthesis, releése and/or ufilization of insulin, result 1ﬁ
such widespread and serious long term complications, even wﬁén gxogenous
fnsulin administratidn is being ,uééd to ‘prevent the 1efhal acube
problems.. The host of metabolic derangements 1in d#abetes probabl§ ho1dg
the ansﬁér. |

A. non enzymatic' glycosylation of pro#eins ~— ubiquitous but
aéceierated'by hyperglycem;a(L) Hypergiycemia seems to require

N

the presence of other factors\éFtérmining the sﬁséeptiﬁilitx to
glycosylation - in order for microangiopathy to develop.
Patie;ts may have many yeérs of poor diabetic control and yet
avoid microéngiopathygls). Others - develop changés of
glycésylétion in hemoglobinb (HéAlc), lens “crystallins and

e



glomerular basement membranes(lsa)

B. hyperaggregable platelets: decreased fibrinolysis and decreased

. R/
prostacyclin(lz) a o \

¢ C. ‘hypervi;cosity of blood

D. circulating immune complexes which may cause basement membrane

damage and rhickening and microvascular changes(lz) \'

E. impaired intracellular killing of bacteria by phagocytes(13)

F. elevated lipid and 1ipoprotein levels(14) < )

P

Evidence points to disorderd carbohydrate metabolism ‘as being

~instrumental. Uncontrolled diabetics experiemce‘ sustained
. /*'»‘.«77- .
hyperglycemia, standard depot insulin therapy helps to normalize plasma

‘gluoose to some degree .but hyperglycemia and wide ewings in glucose

level are not‘eliminated. _' : 7 | R
Animal models of diabetes have shown a relationsﬁip'betWeen degree 4

of m¥&tabolic control and the development of microangiopathy similar to

human diabetes( ) . Ptoeoecrive human studieS\have‘also illustrated the

parallel between. plaema gluoose control and oogetm and severity of

N
(5-8) ~

complications Identical complications have also\\fgllohed non

spontaneous diabetes induced in man by tptal pancreatectomy@g\\\
resulting from pancreatic, destruction by hemochromatosis(lo) and chroni\\\\\
pancreatitis(ll) . Intensive . efforts to Vnormalize the metabolicv

' situation in D.M. are justified.

The mostqzbvioms metmod of maintainimg rigid—oontrol of blood sugar

~

1s more frequent insulin administration - multiple subcutaneous insulin

9
ot

injections. In selected well motivated patients "near normoglycemia”
has been achieved(17) Unfortunately a minority of diabetics are ideal

candidates and complications inolude' occasionél worseming of

BN
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retinopathy - and the possibility of hypoglycemic encephalopatly or

. o - st
death. » T S

I

]

Mechanical systems to monitor blood glucose and use injections of
, BAR TR . L -
either insulin or glucagon to rbgulhﬁ§§§he sugar level, the "artificial

pancreas”, can achieve . excellent coptrol of blood glucose(la). These

external "closed loop" systems, ﬁowéber; require continuous vascular

. ) \ ‘ .

 access and entail relatively large amounts of blood 1loss for

. . R . t

monitoring: Problems with infection, maintaining long-term vascular
* kl ’ - .

access' and. the considerable bulk of the equipment 1nvolved has

restricsed their use to experimental or short'term in—hospital climnical

use. ( .
~Portable “"opep loop” systeme have been developed which dispense
. ? . . v .
with blood - sugar monitoring and - rely on a pregrammed system -of

continuous basal insulin secretion ‘with pulses at mealtime to achieve

‘ ? s - ‘ ’ _ ! :
- impressive control of. blood sugar in many cases. Normalization. of

several metabolic abnormalities never corrected  with ‘depoti insulin

therapy have also been achieved including: serum lactate, pyruvate, free
fatty acid, alanine; branched chain amino aid, plasma Alipid and
1ipoprotein 1evels and glycosylated Hb(lg) ' Documented improvement in

peripheral nerve funection was shown .by others(zo)

Improvement in

diabetic retinopathy and neurOpathy haveubeen much less; dramatic(21)

)

. Complications at the site of Subcutaneous injection 1ncldﬁe painful

lumps and abscesses. Since no depot insulin is present,fhypﬁrglycemia

El
R

would result rapidly from cessation of infusion. ) = ?‘-1}

By far the most serious complication, ,hgwever, ‘is hypoglycemia.

Diabetics with autonomic neuropathy have a biunting‘ of the signs of

‘hypoglycemia and nocturnal hypoglycemia is expecially dangerous,1severe



. ) X \‘ | | | .
encephalopathy or death may resgult. The type T (insulin vdependent

diabetes mellitus-IDDM) diabetic has been shown\ to be especially

c ' \\
vulnerable to hypoglycemia since the ‘normalL glucagon response to

hypoélycemia ‘is generally absent in IDDM (23,23a,23b) and even the
catecholomine'b;sed response to profound hypoglycemia' y be lost(24);

« The ideal means to not.omly sense and respondvto' yperglycengia but
to prevent hypoglycemia and normalize CHO metabolism ié\the pancreatic

“ ' \
islet with functional alpha, beta, and delta cells complete with. the

complex interplay of controls between them and with iheir exter al

milieu. The only method of achieving this goal in the patient wi
diabetes (esyp. lDDM) is by' trangplantation of. fuﬁctionally normal

' pancreatic‘iglets.,



II REVIEW OF LITERATURE .

\‘44‘:

- A History of Diabetes Mellitus - o .
The first known reference to Aiabefes mgllitus was In the oldest

knéwn "text" of medicine,'khe Ebers papyrdqs (1500 B.C.). Celsus (30

B.C.— 50 A.D.) deseribed the disease of polyuria without pain but with

E}

eméciation and prescribed- a dilet of as lbptié food as possible.
Aretaeus of Cappadokia (A.D; 30-&0) named thé disease &iabetes (Greek
for tq run throggh a siphon): outlined its symptoms, 1its progressive
nature and‘:its ultimately fatal outcome(27):

Indianmaéétors in the 6th century A.D. noteﬂ the sweet taste and
sticky touch of diabetic urine but .it was not until 1674 that Thomas
Willis re&iscovéred thé idea:in Europe and so deveiope% the first useful
diagnestic test to distinguish diabetes méilitus from other forms of
-polyuria. Willis was also the first in Europe'to use dietary treatment
by undernutrition. . Matthew Dobson in_1766 obser&ed éhat the sweetness

'

of diabetic wurine was due to sugdr and Michael Chevreul in 1815 .

discovered the sugar to be glucose(za)- Claude ﬁe,nard, the father of

(P
o A !()

ph&siplog@,,.concluded that diabetes was a‘,disturbaﬁ@eigqgwdgprmal'
nutrition, the function of the organism to _compose and decompose:
chemical subétances,.but thought the problem l;y'in the liver(28).

It was not uhtil 1889 thét the pancreas was found responsible for
preventing diabetes. Oscar Minkowski documented polyuria following

(29). At the suggestion of Bernhard Nauyn

tdtalepancreatecéomy in dogs
(whq subsequently‘guggested carbohydrate free diets and describedvlaCtic
acidésis ané 1£s.treatment withbalkaliS), Minkowski’tested the urine and
found it to contain gidcose. ﬁinROWSki aiso noted "pdlfphagia;

" hyperglycemia, ketosis with acetonemia, emaciation with loss of glycogen .



in 6rgans, and documented poor wound healing and low resistance to
infec;ions in his dogs as 1n human diabetics. Fqiipermore, he showed
that the results were not due to a loss of secretion‘into the GI trac;
but to a special, "still unknown", function df the gland. He was the

a \

first to attempt feedings of pancreatic extracts ﬁgr the treatment of
diabetes.‘ Many others attempted injections'o} panéfeatic extracts but
the severe toxiclity of the mixed endocriné énd exocrine extract
prevented success.

' Paul Langerhans was the first to describe fhe pancreatic 1islets
(1867). G.E. Laguesse naﬁed them the "islands of Langerhans"(in'1893
and suggested that they‘ might be the organ of pancreatic internal
secretion.v. E.L. Opie and L.C. Sscobolew independently revealed the

first clinical evidence linking diabetes mellitus to the islets: Opie by

observing hyaline degeneration in the 1islets of diabetics at
(28) . o

IS

autopsy
It was not until July 363 1921, however, that F.G. Banting and C.H.
Bést, working in Dr. J.J.R. MacLeod's lab at the University of'Toronto,
succeedéﬁ in pfeparing a pancreatic extract from duct 1ligated Vglands
that could contrdl ﬁybe;glycemia in pancreatectomizgd”dogs(3q). They
’ |
named the substance "Isletin” but changed the name to insulin on the
insistence of‘?rofessor MééLeod.
The substance was purified chemically by J,B,fCollip and January
11, 1922 saw the first use of iﬁéulin in a diabetic patient. Banting

was also one of the first to realize that:

"Insulin is not a cure for diabetes; it is a treatment ."{31)
. k)



Pancreatic Transplantation

Surgical attempts to cure dlabetes were born 1in 1894 when
Williamson suggested transplanting animal pancreata to human

o

P : ‘
diabetics. Sscobolew revived the idea in 1902 and in 1927 Gayet and

Guillaume controlleé blood glucose iy a diabetic dog for: 12 hours using

. y ' . |
a transplanted p,ncreas(32). The major causes of failure in these early

“

{ :
efforts were vasecplar thrombosis, papcreatitis, and graft rejection.

B | % ' ‘ o _
The discovagy of 1qsulin ,and 1ts subsequent modification by
&

Hagedorn (prota vfe insulin) and Scott (protamine zinc insulin) to

provide prolonqr‘ lduretion, of action shifted attentiqn awvay from
tgtion for many years. Insulin provided a new life
’5¥£r0111ng metabolism well enough to allow normal
functioning in soci%%y'for many years. Wigh this prolonged survival,
however, came the realization that diabetes was also assoc%afed with
devaseating chronic complications that were not prevented By depot
insulin therapy. A landmark in  this serjes of revelations was the
description  of diabetic glomeruloscléiieis by Kimmelstiel and:
Wilsop(33).' These findings led‘to'a rquwed interest 1in alternative
treatment modalities in diabetes including pancreatic transplantation.
che rationale for attempts at transplantation of the pancreas is
the idea of "total endotrine replacement for IDDM, a phrase colined by
Dx: D.E.R. Sutherland of Minnesota. Disordered carbohydrate metabolism,
ainly sustained hyperglycemia, has been shown to result 1in the many
chronic .compiications of 'diabetes. Presumbably, perfect control of
carbohydrate metébolism could reverse these changes or at least halt

their progression in established diabetics and’ prevent thegg development

in new cases.



"

"Animal models ﬁave lent support to the hope that pancre;tic
transplantation could control or even reverse the complications of
dliabetes. Renal lesions, similar to those seen 1n human diabeétes,
develop 1n experimeqtally induced diabetes in animals. Pancreatic islet
transplantatién in diabetic ra:- has resulted in a decrease in mesanglal

¥

matrix material(34’35) as well as haltiné the progressive increase 1in
-
basement membrane thickness(36)’ e#d a rewidening of” ;he 'capillary
(37) | Y (38)
lumen . Both islet . transplantation and . whole organ
: . /
transplantation(39) prevented neovascularity in rat eyes and even
resulted in regression of eye pathology in diabetic rats(AO). Other

effecté, including those on diabetic neuropathy, have been documented by

others.

Whole Organ and Segmental Transp}antation

A new era 1in the therapy of diabetes began in Decemﬁér 1966, when‘
Kelly, Lillehei aﬁd ‘associates performed the first human pancfeas
transplant: a combinéd renal and segmental pancreatic transplant(41)-
The @uct ligated gland“was placed retroperitoneally in the iliac fossa
and allowed insulin withdrawal for 6 days; unfortunately, the pancreas
and kidney were removed 2 months later and the patient succumbed to
venous complications of the grafts. V

Larg;ader reported a suécgssful orthotogic allotransplant of - the
canine paﬁcreas'in 1967(42) | pe utilized cuffs of donor coeliac artery
and pértal vein, to f;cilitdte the vaéc;lar anastoﬁosis and dfained the
pancreatic Huqt by sewing a‘retained cuf};of duodenum to a Roux—en-f
jejunal 1imb.\ Lillehei and associates adopted theée idéas and reported

tern pancreaticoduodenal grafts 'in 1970(43), ‘Almost all functioned at

j&
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eaat briefly but there was no long—term successes and no survivors over

year. A major cause of fallure unique to this approach was necrosis
. -» .
nd rejection at the duodenoje junal anastomosis.

K; These poor results led to concentration on segmental pancreatic
rafts. Problems 'with graft vessel thrombosis were decreased by the
iimple two—vesael revascularization; no bowel was attached so rejection
ras easler to control and the poesibility of(eliminating any opening of
.
;be GI tract lessened the chance of graft pancreatitis due to dctivation
f eiocrine enzymes by intestinal content. The major ptoblems stili to
se resolved were the -disposal of ductal secretions and the control of
re jectton.

Anastomosis of the pancreatic duct to the divided ureter in uremic
patients&mwes attempted byy Gliedman with some success(QA) Nbut this
npproach was obviously restricted to patients without renal function.
Duct-ligateo models had been successful experimentally but clinieal
application was not so due to leakage of enzyme rich fluid out through
lymphatics to form perigraft collections, as well as the severe
inflémmatory’ rection in the gland that followed and the conflicting
reﬁbrto of its damaging effects on the 1slets(43), ‘ .

This approach 1s now used in the majority of European centres, who
feel that the safety factor achieved by avoidingAa GI anastomosis (with

N
the possibility of enzyme activation) 1: a fair trade off for the

possibility of loss of endocrine function subsequent to the fibrotic‘

ireaction sti/yéated by the injection. Leakage of enzymes from residual

gAY
acinar tissue remains a major problem with duct injected models with

I

fistulas forming in 35% of“patients on the Lyon series (causing death in

1 of 19 leaks)(46) and 40% of the Munich'series (with 10% of -grafts lost

i
1

10

é& %

L



»

’ 3
due to the septic focus(47),
) .
Kyriakides demonstrated 1in 1979 that nog ligated glands could be
transplanted to the peritoneal cavity 1in pigs without ptoblem(AS).

Clinical usagé was not without problem, however, as the capacity. of the

L

peritoneal cavity to absorb the exocrine secretion may be insufficient,’

resulting in 1ntractgple ascites. All centres haye now abonded this
approach. ¢

Dubernard developed a technique to obliterate the ductal system by
Neoprene 1njecttons(49) and numerous other substances have been used
including atryl#te glue, polyisoprene, silastic and prol;mine.

r

Because of the possibility 6f'de€eriqrhtion of isled function in

‘the long term with the duct injected model, unearly ‘all‘ﬂAmerican and

v

British groups have again began utilizing drainage. of the ductal
system. To avoid the difficulties with éAZymgAaqti;ation inherent 1in
enterlc drainage, Munda and Alexander in Cincinatti have resurrected the
technique of drainage to the ureter(so) and Sollinger and Belzer in
Madison utilized, a technique of drainaggﬂinto the bladder(51), Eqriy
results of both groups are promising. The Minneaﬁolis group now utilize
enteric draigage exclusively, with segmental transplants in ‘their éases
of 1iving\related donors (now 40% of their transplants). Because of the

marginal metabolic control achieved by some segmental grafts, the

Minneapolis group now préfers total pancreas transplantation in all

(52)

v

cases of cadaver donors They believe the increased islet cell mass

transplanted also provides a worthwhile buffer against rejection.
The second ma jor éau@e of technical graft failure has been%vascﬁlar

(usually‘splenic artery) thrombosis. Trd#eger and Dubernarﬁ,a& Lyon have

lost 16%Z of all their grafts to thrombosis(46) and Land's group at

/

1
i
!
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Munich have lost 7% due to thrombosis degpite fully heparinizing thelir

(47)

patients The commonest method used (besides heparinization) to

prevent thrombosis‘ has been consfruction of an AV fistula distally

1

" between splenic artery and vein. Thrombosis has been seen despite AV

"fistula forhmation in  both human <cases and animal models

P

£(50,53)

howeve The Cincinatti group now transplants the whole pancreas

»

together with the spleen to normalize the vascular flow as much ab

possible<50). The immunologilc consequences of transplanting the spleen
could well be substantial, including the possibility of introducing

[ 4

graft versus host disease.

'
[}

Despite the tremendous amount of experimental work and the sizeable

clinical experience with 485 human pancreas transplants reporged;
.

problems still abound. . Graft vessel thrombosis. still occurs, as does

graft pancreatitis and the ideal solutionm to ductal handling remains to

be established. Despige the fact that these grafts‘have been shown to

be metabolically efficient (54’55), the numerous technical problems,

combined with allograft rejection, have resulted in infrequent long-term

.success with elther whole organ or segmental trangplants.

In the 425 trahsplants done worldwide since 1977 (40 from living
related donors), 1 year patient suryivei has beee 75%2 and 1 year
actuarial graft survival 292(56)- ‘Thue~;on1y 247 of petients have
sufvive¢_l year with \graft function intact. The University of Minnesota
group remains the most gxperienced in the world; their results fer the

~ . )

last year still show only 30% graft survival for lwyear when cadaver

donors are utilized(sz).

Results with pancreatic transplantation have impfoved, however, and.

because of the promise of improved metabolic control and decreased

12
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ébmplications in insulin dependent ,diabetics, the ‘numbe? of centres

|
:

'pefforming pancreatic transplants and the total. number being .done s

. ’ . B R -
mushrooming. Early evidence .ié being seen of the ability of  total

.endbcrine replacement by trapsplanfationxto reverse the complications of
diabetes. Land has demonstrated improved nerve conduction velocity in 4

: of 5 long term graft- successes stgdiéd(§7)} The Minnesota group has

R . ‘ : ' .
documented reversal of early diabetic nephropathy in ;ranSplanted

kidneys in 2 patients with pancreatic grafts functioning for over "4

.yearsy; as well as regrésgion ‘of preproliferative retinopathy in 3 .

patients(sz). ‘Nevertheless, pancreatic -transplantation continues to

have a substantial rate of both mbrbidity and mbrtaiity, and the results
have never been subjected to a controlled trial in human recipients.

i

X

Pancreatic Islet Transplantation

&

‘An altermative 3pproéch to achieving "total'endOcP{%e replacement - .

>

‘therapy” for diabetes mellitus is to _transplant only the pancreatic

islet, after separation from acinar tiésue;_as°a free endocrinergraft.
This approach offers many theoretical ‘advantages. . No vascular

anastomoses - are necessary so complications of hemorrhage and graft
- ]
. pa '

vessel thrombosis are eliminated. Graft panéreatitis occurring in the
tiny dispersed particles would not be a major ‘threat and the prbeems

with exocrine secretions w%ﬁid be eliminated. The grave problems of

0

" infection in the graft would be .minimized and there would be no need*ﬁo

remove. falled - grafts, The. possibility also exists. for multipie

~

;tfansplants f;om a- single donor gland. This has been accomplished(in°

%

" the rat by Paynejg£_313(§7).

It was initiaily throught\that islet cellé would be," like ovary,

thyroid andrmany'other endocrine tissded,.only weakly immUnogenic(Ss),

13
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.

and so elimination of exocrine tissue was hoped to alleviate problems

with rejection. ﬁnfortunately, most experience with dispersed 1islet

tissue grafts has seemed to indicate they are at least as immunogenic as

v
whole organs(59 60) and to be exquisitely sensitive to the effector
mechanisms of rejection, both cellular and humoral(61 62 63)

v

Successful transplantation of isolated pancreatic islets requires

_all ‘the factors outlined for ‘free grafting of other endocrine

LogieilV -

[

(A) The method of breparqtion must'conserve a critical mass of
. _ .

E tissue.

(B) TisSueAfragments must be of app;opriate ?ize to sufviye by
nutrient diffusion until neovaecularizetion occurs
(C)‘ The site of implanﬁation must be appropriate.
Pancreatic islet transplentation requires some uniqde
considerations as well: |

(D) A method to achieve 1isolation of the islets from the

surrounding exocrine tissue. ’ Ea

4

oo L

(E) How to protect the graft and the host from the destructive
effects of the~.proteolytic enzymes secreted by ‘residual

exocrine tissue.

.

(F) How to maximize the physiological effects of the hormones

released from the islets. ‘ ¥

“n

A revieWIOf past efforts in pancreatic 1islet transplantatioh can
. . : ¥
outline the successes and failures dvercoming the above problems. The

subsequent section will serve as a background to current efforts.

Ivy and Farrell were the first to attempt -non vascularized

14
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pancreatic transplants (58)7

function and continued functioning of 1islet tissue in the abdominal

wall. W.A. Selle was the firSt to attempt tranSplantation of pancreatic?
’ "

fragments (65), He ttssue cul{u:ed and then homotransplanted 1-2 mm
' fragments subcutaneously in dogs, but with no. evidence of function.
Brooks used. the technique of Ivy and Farrell to successfully autograft
pancreas (69), A major advance occurred in 1965 when Moskalewski

utilized collagenase, an enzymatic complex produced by bacteria of the
. - ‘ R
genus Clostridia, to separate intact functional islets from chopped

gulnea pig pancreas‘(67)' ‘

i : ' £3
Lacy and Kostianovsky improved collagenase digestion by

mechanically disrupting the Jpancreas with.an injectidn of salt solution

down the common bile duct into which the pancreatic ducts drain ‘68)

They also applied a method of . discontinuous density gradient separation
using sucrose concentration gradients and centrifugation to allow more

¢

efficient separation of intact islets from acinar tissue. This method

vy . .
allowed separation ,of relatively large numbers of . islets but the’

hyperosmolar sucrose damaged the 1islets resulting in poor ~insulin

release. Ficoll, a high mollecular weight (mw=400,000) nonionic

\ ‘
synthetic polymer of sucrose (69) which is: less toxic to 1islets 1if

dialysed prior to use; was 1ater used in varying concentrations to
achieve—comparable islet yields with normal islet function (703,

In 1972, Ballinger & Lacy transplanted 400 to, 600 isogeneic islets
(that had been  obtained from 4 rats) into the peritoneal cavity or
intramuscularlf in rats that had been’ previously made diabetic by

ianction‘of the p cell toxin Streptozotocin. Although_normoglycemia

‘was not .routinely obtained, the animals survived, and gained weight and

They noted deterioration of exocrine -

15



had'lower fasting blood glucose levels and less glycosuria than control(

animals. - Rats with  allogeneic igslets treated with Azathioprine 4

mg/kg/day faired.nearly,as well. = This was the’first demonstration of-

long term amelioration of‘q experimental diabetes by 1solated adult

islets (71)-

" A major problem with these methods producing isolated intact islets

was the‘iOW’percentage of functional islet tissue they could recover.

, S . . & ,
Continued ‘use of multiple’ donors would create formidable problems with

rejeetion of allografts and low yields prevented application of these

- techniques toﬂlarge animal models. Mirkovitch apd Campiche surmounted

these difficulties in a canine model by eliminating attempts: to se%arate

exocrine and endocrine tissue. Using intrasplenic injection of

'}

.unpurified particles of pancreas up to 2 mm'in,dianeter, obtained by

Simple chopping and collagenase digestion they produced sustained post

-

‘operative normoglycemia for the first time in a large animal model using

a single donor pancfeas(72).

This landmark work by Mirkovitch and Campiche aroused a great deal

of interest in pancreatic "dispersed fragment” transplantation. Between

- 1970 and Deeember 1981,, 76 1islet allotransplants. performed in 71

diabetics were reported to the International TransplantnRegistry (73),
o .

[ . : ' s .
. Most used variations of Mirkovitch's method and nearly all failed. 'Only

4 patients were reported to be insulin independent for prolonged periods

and only one of these was well documented. Largiader et al. in Zurich

’

pefformed 'a simultanéous renal and intrasplenic 1islet allotransblant-

from a 2 l/) year old donor to a 33 year old woman who had been a severe

diabetic for 22 years (74), Postoperativ%ly the patient’ required

(N

insulin but despite 3 severe rejection episodes;. she became totally

16



“insulin independent 8 months post transplant” and remained so -until 20
months. post transplant when she gimultaneously rejected her kidney and
became hyperglycemic. .

Despite the large proportioh of failures,these Qccasiohal,successes

were‘encouraging. Perhaps if 'problems with rejection could be,overcome,
8 ! . ’ *

islet transplantation would be possible. A situation sqémingly designed
to test this possibility was readfly available: patients undergoing
total pancreatectomy for chronic pancfeatitis became severe; brittlé

diabetics. Najarian, et al., in Minneapolis, succeeded 1in achieving

insuliﬁ independence 1in 3 of 10 patiénts who undefwent over 95%-

pancreatectomy by an intrabo;tal autotransplant of unpurified
o v k. , T

collagenase digested lpancfeatic fragments (75).

Baltimore, achieved insulin'indepéndence in 3 of 12 patiénté after 957

| ' ‘

pancreatectomy and documenfed insulin production from the intrahepatic

- ~

_transplant site in one (76). In total, 34 of 73 cases have been

.

" independent df insulin for variable periéds of time (73), Unfortundtély )

only 2 of these had total pancreatectomies  and only one of the others

had dobuménﬁation' of a sqpceszul graft, 1{i.e. insulin present“'in

hepatic¢, but not portal veins(76),.

Why ;have\ not more of these autotransplants. been successful?

A.Certgiﬁly a majd?-difficglty, 'still, was obFéiﬂing a sufficient yieid of.
)
islet tissue. Kretschmer{'et. gl., utilizing Mirkovitch's method of
islet isolationA}n dogs:obtéined,an avetage‘yield of'oniy 8% of total
islet tissueé present in the giand‘prior to digestion.<77) The fibrotic
~ nature of tﬁese glands makes digestion all the more difficult and the

complications of intraportal pancreatic Eissue injections compousx the

difficulties. The even pocrer .results’ with human- islet cell

Cameron et al. , in
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~allotransplants,however, suggests that immunologicgl barriers remain the
greatest obstacie. A review of the many probleﬁ still prévénting

successful human isleh transplantation 1s now in order.
. i %

1

Consideration
of the many approaches to these ‘problems and the results. of these

attemptE"will help define the picture more clearly and éuggest

“alternative avenues of study, some of which we started down this year.
st B ) .

The succebs of an attempt "to cure diabetes with an- allograft of
: , alle

pancreétic islets depends on several major factors: A critical mass of ;

.viable islets must be obtained by the isolatip%\proceddre and they must

. : : -
be in an optimum form for engraftment in thg;)host. + They must be
-successfully ‘stored until the donor 1is réédy’ fo® transplantation and

then éuccessfully‘ ﬁiaced in the sitg wherelféngraftment most easily

, occurs and their hormonal products will exert maximal effect. Finally,

a system for _preventing the host from rejecting the graft myst be
applied, probably for life, . '

Islet Yield

«  Initial methods, successful in rodents, of hand picked islets from
collagenase digested pancreatic tissue, or by obtaining dislets by
cén:rifugation on density gradients have not been practical in large

-« -t . .
animal models or humah&/since the pancreas in these species 1is more

fibrous and at least a hundred thousand islets are necesary to maintain

carbohydrate metabolism in humans. ‘Applications of Mirkovitch's method

have resulted in tremendous variability of yield (<5 to >50 percent of

initial P cell mass) and an average in most series of only 5- 102(77),
Methods'té increase yield must K not do so atfthe expense of viability of

“the resulting islets. Downing and -Scharp achieved a fourufold.increase

[
L4
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in islet yield by disrupting the canine pancreas with venous injection

prior to collagenase digestion. They cite the 1slet-acinar portal

°

venous system as.the reason for more intralobular disruption with this
methoa(78).‘ Unfoftunetely; the islets did not maieéain a hormal insulin
response to high glucose solutions during perjfusion, signifying"mdre
severe damage to thé P cells from this approach. The effect may only be.

I

temporary, however, as 24 hours in tissue culture restored the insulin

secretiqn respoese; b

Horaguchi'and Mer;ell utilized peffﬁsion pf the bancreetic dectal
isystem with collagendse solution followed by'bmechanical mincing and
filtrationcthrougﬁ a 400p screen(79), They achieveﬂ'a 572 recovery.of p

cell méés (reflected By insulin recovery from graft vs. raw pancreatic

tissue), a six fold purification of B-cell content, found 90% of the -

.

cells be viéble by trypan blue exclusion, and achieved ﬁost—operative
normogi}iemia in 3 of 5. dogs tfansplantedo intraportally vand 2 of 2
tfansplanted into the spleen. Using a ;modification of fhis method
Warnock, Rajotte, and Procyshyn achieved a 24% B cell recovery and two
© fold P cell pu;ifieation. -Following transplantation using splenic

venous reflux, 9 of 413 'dogs‘ became normoglycemic by the fifth post-
‘.

operative day. Glucose tolerance tests on the surviving dogs produced K

values of 1.440.1%, in the nondiabetic range, compared to 3.4&0-2% pre— .

operatively(80), The ¥ value, or percentage decline in blood glucose -

per minute following an intravenous glucose bolus, assesses the
functional ability of the P cells, in conjunction with other metabolic
. . . :

systems, to control carbohydrate metabolism.

This method seems to satisfy the needs- for not only adequate yield

of 1slets, but also viability before transplantation and satisfactory

{
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engraftment |, in the host, as evidenced by the ability to maintain

carbohydrate metabolism in a nondiabetic range. The major influences

affecting cellular viability in this -method of preparation are warm

{schemia .and duration of exposure to the destructive actions of

h( ‘1,~~‘L‘ .

collagenase.

Prdblems sgemming from the use of collagenase go beyond its
toxicity. There is as yet no satisfactory in vitro method of aSSaying
"~ the ad@ivity“of»the enzyme. It* 18 in effect an unproven biological

product that is offered for sale. The standard industry assay of units

per milligram refers to the micromoles of 1- leucine liberated per .

milligram of enzyme in the mixture; unfortPnately, this activity has not

¥

- been found] to correlate wih in wvivo effects(81). Therefore, the

published" results in hoth small and large animal studies of 1islet
transplantation utilizing collagenase digestion, depend'to a substantial
degree on the variable activity of the lots' of collagenase used and the
~supplier.‘ The 'only way to assure efficlency of digestion without
~excessive toxicity from prolonged exposure, from a batch and lot of
collagenase 1s a_ controlled. trial” in the method to be util}zed in a
given study(sz), a very time consuming and expensive proposition
(aPproximateiy $3,600 in time, materials, aninals and operating costs in

.this study).

In an attempt to avoild the inconsistencies and the toxicity

inherent in‘coilagenase digestion, Hinshaw, et al. developed a totallyw

mechanical method ’of isolating 4glets.  Pancreatic tissue 1is hand
minced, then pressed through a 280 ¢ seive. A low speed_centrifugation
and removal of the pellet reportedly eliminatesvmost exocrine, vascular,

and ductal contaminants .before a final high speed spin settles the
’ [ 3 ’ i

‘e

G
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islets from the suspension. to be saved for transplanting. While large

- ¢

islets (>280 vm) and islets not liberated 'from exoéride tissue would
obviously be lost within this technique, hemocytémetet counting has
yielded estimates of 500,000 to 2,000,006 islets and 1slet fragments.
Applibétioﬁ to humans with chronic pancreatitis have achieved results
simil?r to other methods (2 qa 5 insulin indepegdent following 95%

pancreatectomy) without systemic heparinization and without significant

(83)‘ Insulin
rises 1n portal pressure following transplahtation

production from the graft rather than the residual pancreas has not been

established, however. " |

Islet Engraftment

Isoldting adequate numbers of viable islets does not guarantee

success In islet transplantation; a high rate of tissue engraftment must

be achieved in ‘the recipient.” ~ Two major factors are involved 1in

t

successful engfaftment:

1. The degree of tissue dispersion must be adequate(75)

2. The optimum site must be selected.
- ‘(p ~
‘Tissue dispersion (particle  size) must be sufficient to allow

placément 9f the graft without excessive morbidity in the host due to
physical size. Part of the‘difficulty with intraportal injection of
islets preparations stems from simple mechanical obstruétign of portal
circulation contributing to severe portal hypertension or even stasis

(84)

and thrombosis More 1importantly the tiséﬁe particles must be small

enough to survive by nutrient diffusion until neovascularization of the |
islets can occur 1in the graft site. Méhigan and assoclates have

demonstrated a definite relationship between particle sizé and. eventual

outcome of pancreatic fragmeﬁt transplantationggz).
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The size of pancreatic fragmen;s obtained for trangsplantion ig
dependent‘on gseveral factors. The type and lot of collagenase and the
time of exposure are influences that havg been outlined by;Méhigan_EE
353(82) and Kretschmer et al. (85) respectively. Thﬁxfibrous nature of
the péncreas also influences the ability to obtain viable fragments of a
size and number sufficient to engraft and reverse diabetes. This will
vary both with species involved ang‘thé age of, the animal. Thi adulq‘ )
humanaaglapd is very compact phd’ fibrous and so holds a great -
challenge. Compounding pancreatitis with furtherrincfease in fibrous
tissue content may well aggravage the ﬂifficulties. Mehigan et al.
demonstrated a poorer regult in dogs with a duct ligation model of
chronic pancreatitis using techniques that were successful in other
dogs(86). : |

(87) (89)

Subsequent digestion with trypsin or dispase or other
enzymes can yield small fragments of 1slets or even single cell
preéarations. These smaller fragments should be more easily sustained
by nutrient diffusion and thus would be preferable if they can be
obtained without egcess cellular toxicity from prolonged enzyme
‘ contact. Unfortunately, trypsin digestioﬁ has been shown to decrease

the respbnse of islets to st;mﬁlus with both glucose and tolbutamide,

¢

perhaps due to a damaging effect on the glucoreceptor mechranism on the
cell surface(sg). | It has beenb suggested that tissue culture after
trypsin digestionv may_ restore normal response to a glucose load; it
seems the derangement may be‘reversible.v

Site of transpla?tation also influences the .degree .of

engraftment. A large blood flow would help sustain viable cells by

nutrient diffusion until engraftment could occur. .In the rodent, islets



have  been  successfully . transplanted in  many sites including

suchtaneously, intramuscularly, in the pleural space, in the testis,

-

subcapsularly in the kidney, intraperitoneally, in the spleen, and

Iy

intraportally into the liver. These sites have not proven to be of

equal benefit.

Transplant Site-Metabolic Effects

Optimal transplantation requires the grafted islets to be in‘ a
position where the excreted insulin and other hormones will have their

maximum metabolic impact. Kemp EE_EEJ demonstrated the supertority of a

site draining into the portal circulation in rats(sg), presumably the

result of the liver being the major site of.carbohydrate homeostasis in

“a

mammals, and hence the major site of insulin action. Many intraportal
sites have been utilized. Direct intraportal innoculation to the liver

1s the most .effective method in the rat(sg). This creates major
problems in canine models because of the extreme sensitivity of the dog

to intraportal pancreatic fragment injection -with - resultant portal

(90) .

hypertension and frequently death This problem 1is .not so severe in

man but portal bypertension‘is still a problem and 2 deaths have beén
documented froméintrapbrgal injection in man because of severe prolonged
portél‘hypertension compromising bowel viablility(gl’gz). Traverso and
group have ameliorated this ptoblem by adding heparin and aprotinin to
the »infusate, they believé thé' portal hypertension 1s caused by
activated kinins in thevinfusate which may, be bound and inactivated by

aprotinin(93).

An alternative that has proven’sucééggful in both dog and man is a

e

splenic transplant site. Again the requirements of high blood flow for

nutrition and portal drainage for maximal insulin effect are met.

o
-

. Oy
e

. ' “ir
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Kretschmer found direct innoculation of the {slets 1into. the splenic pulp

\

to be the best method of transplantation(77) but Warnock et al. showed a

deterioration in function in dogs transplanted by this method. In‘

/
contrast, animals transplanted by splenic venous reflux maintained

normoglycemia and a nondiabetic GTT for prolonged periods(go). The
spleen is relétively simple to mobilize”for surgical manipulation £h the
dog but is not an easy organ to work with 1in man.

In an attempt to. avoid utilizing the spléen, Warnock - et al.
attempted embolization of pancreatic dispersed fragments into the
stomach but the vasospastic content caused intense vascular spasm and
eventual necrosis(gk). Injection into the mesentery of the small ;;wel
has been successful in the sﬁort—term, but .fibrosis ‘has comprémised

long-term function(gs)-

Scharp has had some initial success with
t?ggsplantion into a nitex lined oéental pouch(gs), but subsequent
studies have ngt developed a reliable model with long term'success.

A éngrafted pancreatic tissue, in order to functipﬁ for prolongedJ
periods,. must be progected from destruction by the é%bcr}ne enzymes
secreted by the acinar tissue compéhent. Hand-picked clean‘islets or
pseudo islets formed frqm purified endocrine cell populations,would hot\
be subject to this poblem but at present no satisfactory method for
these preparations exists in large animal modeis. Whole - gland or
segmental transplants avoid damage by tﬁe maintenance of the normal
anatomic separation of 1islets from acinar tissues and their enzyme
production; unfortunately the enzyme products cause other mﬁjor problems
which have been alluded to. |

Transplantation of non-purified islets or pancreat%c dispersed

. . X
fragment preparations must allow far exocrine enzyme secretion. Early
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attempts at transplantation to subcut;neous and intram&acular sltes
failed parély because of extensive autolysis by these enzymeé.‘ The use
of thelliver and spleen as transplant sites ﬁas solved this problem t&
‘varying degrees. Some investigators have found evidence of fibrosis
surrounding 1slet tissue in these sites, presumably hué to tissue
reaction to irritating cellular prbducts- This may be ¢Qe explanation
for,tge limited 1ife of 1islets. transplanted to thé spleen by direct
innoculation of the pulp. )

In contrast, islet tissue transplanted to the liver has been shown
to éngraft, pass the vascular gndéthelium and come to rest adjacent to
(89)

parenchymal cells without evidence of damage from exocrine tissue.

Warnock EE_Ei_showea a similar occurrence in the spleen by venoﬁs reflux
of a dispersed fragment preparation(ga). 'Initiélly,o particles
containing bofh exocrin%‘ and endocride cellé were engrafted in the
splenic sinusoids. The cel}s eventually made their way‘ across the
veésel wall to the splenic parenchyma and the spleené of long-term
animals showed a progressi;ekdecrease in amount of exocrine tissue. The
criticgl factor in these two sites again apéears'to be a large blood
flow,‘apparently‘nedessary to "flusﬁ»qway" any toxiciex;prine enzymes
before they can reach dangerous levels or be activated. | '

While piacement of transplanted .islets into the portal systeﬁ has1
bgen shown to maximize metabolic impacﬁ of the hormones feieased,-it
also causes prdblems, especiqlly with accurate fsllow—up. ‘Séfum }eyeis
of Iinsulin are unreliable igdica;qrs of, total graft function in this
situation. The largésp source of utilization of insqlinvis ‘the liver,

“an orgén that 1is capable of removing and metabolizing much of the

insulin content of the blood supplied to it in -a single pass through the

25
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hepétic parendhyma.

——

Assays o al or splenic vein insulin when combined gith blood
)

flow measurements can more closely monitor the hormonal production of

engrafted 1islets but reliable vascular access to 'thg portady systém

: -~
requires laparotomy  for catheter 'placemengy One alternative 18 the

"

utilization of an assay for the C-terminal peptide group of proinsulin
that- 1s cleaved off prior‘to activation. é-peptide 18 not metabolized
‘ )

in the liver but/is excretéd unchanged by the kidney(96). Total urine
~ .
content of C-peptide can therefore reflect activity of engrafted 1islets

and beripheral venous content of C-peptide may be able to reflect

dynamic changes in graft action. ” T

Islet Sources ‘ SN ‘ .

Clinical pancreatic transplantation on a scale that will provide

o

) - .
help to many of the 2 million insulin dependent diabetics in North
‘Amgrica.will obviously require a large pgol of donor organs. Several

possible driéins exist, only 2 belhg utilized at present.

K

s The idéal donor is an HLA identical sibling, failing that, a living

related donor 1is superior to a cadaver donor matched for an equal number

of HLA haplotypes. Liying related donors, are currently being utilized
in whoLé organ transplantat on(32) but a mass program involving this
type of donor is not practifal, nor should it be pursued. if '‘alternative

“ gatisfactory sources can be found.

~

CadaQer donors\pfovide the bulk of organs for renal transplantation
- . o . -

and -whole organ tranéplantation and will quite prbbably do likew}se fof
S , B Y ¢

g¢linical islet transplantion. Methods of . preservation, isolation and
) . : . &) ©
transplantatidh,in large :animal models have largely involved yzyng adult

animals, giving this gonor pool an advantage at present over other

AL
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alternatives. Limited numbers, however, will probably continue to be a’

problem with cadaver donors.

Vo
L

: N AN
— Neonatal pancreas has definite advantages over -adult. tissue “for,

transplant. Leonard -found necnatal rat pancreas tq contain about 5

3 B

‘times the insulin content of the adult gland on a per welght basis and. a

much lower exocrine content,,indeed while adult pancreas is only about

« / : . < :
0.5% 1slet tissue. heonatal pancreas 1is neafly . 5% ‘islet mass(gz?.

Because of this, neonatal tissue "can be transplanted with much less

preparation and so a higher proportion of 1islet tissue 1s ultimately

available for transplant with current tecbniques. Despite this, even in

v

‘rats, the small total amount of endocrine tissue in the neonatal

3, - ‘A ) B i ~
single donor islet prepdarations transplanted(98)¢ The supply - of

neonatal human tissue will obviously‘be séverély limited.

Fetal pantreas also has high islet and low exocrine content, with

_almost no exocrine content despite well developed islets at early stages

[,‘"7

of deVelopment (about 17 days in the rat)(gg) .Fetal pancreas can also

I

be transplanted without dispersal as a free organ- graft by virtue of 1its
small‘"size(IOO) Unfortunately, unless  complex transfers with

intermediate hosts are used, it has not been possible to reverse

' diabetes unless multiple‘(about 4) donor glands wereaused. The ability

Aof the fetal tissues to undergo’ proliferation minimizes the number of

u

dOnor,glands neCessary'but also results in a long lag phase prior to

sufficient development to control .diabetes; weeks' to months in rat

(98),

models Fetal tissue 1s one 6f the few sources where supply could

‘be plentiful, ethica% and moral problems with‘utilization of tissue from

,aborted fetuses will certainly be a major problem;. hoyever. It. was

‘pancreas has been only partially successful In reversing diabetes WithﬁP

&



“initially believed that fetal pancreatic thssue ‘w0u1d lge less
immunogenic than adult: tissue. ;“ Investigation has :revealed rlittle
_d&fference in the time.fo; rejection 'to occur in aduiﬁ or fetgl rat
islet transplantafion(lol). Indeed the high lymphoid tissue content of
fetal 'pancreases could be @xpected to c;Lse a great;r immunologic

response to transplanted tissue.

The ideal source for 1slet tissue to transplaq}iwould be animal

xenografts. Supply would be limitless; moral problenms minimized. The -,

v

difficulties with rejection, héwever, would be of an order of magnitudeA

i

greater than with allografted human tissues, and indeed, may rnot be

H

\.

solvable in the forseeable futée'. It now seemé appropriate to turn our

attehtion to thié problem of
main stumbling block still preventing a mass program of pancreatic islet

transplantation in our huge. diabetic population.

immune rejection process, one of the
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III THE PREVENTION OF REJECTION

The proégss_of immune attack on engrafted‘tissue is complex and-
still inéompletely understood. The initiation of rejection occurs by

o .
sensitization of the host "to antigen from the donor tissue which 1is

*

: recognized as foreign. However, current beliefs unlike early theories,

hold—that the mere presence of foreign antigens doeq~not necessarily

result in rejection (1Q§§. %ﬁe antigen musgibé suitably "proceéééd". A

i

simplified outline. of thebproposednprocess follows.

(183)

Sensitization can occur in three ways. Firstly, antigens
released from the engrafted organ qaﬁ. enter the®blood or lymphatic
systems and be picked up by immuﬁocompetent cells. Secondl;, "passénger

-

leucocytes”, donorﬁwhiﬁe blood cells-transplanted in the graft, can pass

\

" via lymphatices to draining lymph’nodes.and incite a ‘response at that

- site. - Thirdly, " host leucocytes in passing through the graft after

)
engraftment has Qccurred may be giposed to the grafts "foreign” antigens

;

and sensitized.
Foreignfantigen is then thought to be "processed” by macrophages
ant: N :
(Treé"or tissue bound dendritic‘cells) and presented to Tblymphocyte

"helper cells". 1If the helper cell is able to recognize the antigen it

'Can.tﬁehpinteract with other T cells (cftotoxic or "killer" T cells) to

initiate cell mediated immupe attack on¥the foreign tissue or it can
interact with B cells «%n initiate humoral immune responses. If
preformed antibody to the foreign tissue iS'present {n the host due to

iy . B ‘
prid% éxposure to like antigen, hyperacute rejection may result. In

.pther cases where no immunosuppression 1is present the cell mediated

response usually predominates and.the.process known as -acute rejection

29



occurs . 1f acute rejection is suppressed by certain theraples, a
i 9 N . i

Sy

largely humoral attack can still occur, mainly on the vascular-supply to

(103)

.

the foreign tissue resulting in chronic rejection.
I
Several approaches may be followed to prevent the rejection

response. Iissues.may be "matched” by serological or cellular methods

to minimize the histoincompatability between donor and host tissues and

so minimize the immune response.  Another approach to preventing the

immune response or at least to prevent it from destroying theiengrafted
tissues is to sequester ‘the graft within an’ "{mmunoisclation device™

that will allow molecular exchange between the graft and host, and sé
physiological function of,the graft, hut will prevent cellular contact

between the graft and host, thus preventing cell \mediated immune

destruction. A recent and exciting approach to preventing the immune

"

A
0
P

response is the ex vivo immunological manipulation of the gra%t to

a

minimize thevstimulus_to immune,destruction. Finally, immunosuppressive

therapy may be- used in selective or non selective ways to prevent the
full development of the rejection response and the destruction of the

engrafted

*

P

‘Tissue Typing - Minimizing Histoincompatability

The 1950's. saw thevdiscovery of the HLA orvhistocompatability locus

- antigens. The thought of transplantation antigen as the major barrier to

transplanting foreign tissues gave rise to the idea of matching donor
and recipient tissues for theseyantigens’to preuent the immune response

from rejecting:thefgrafted tissues. The first such antigens known weYte

" those associated with. the HLA-A and B regions. Initial results from

}

"matching at these loci were hopeful.and were enthusiastically accepted,

2

N\

»
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»
16ng—term studies with éritical follow up were not so dpématip however.
HLA-A, . B and C are ali serologically "defined ‘reglons aﬁd are
present on almost all tissues(loa). The_discovery of another 'region of
the méjor histocompatability complex, HLA-D,’ fha£ was defined not
;efolégicéily,'but initaiiy-by lymphocytic reaction' in cultune (mixed

‘lymphocyte reaction), opened another door. Matching ‘at the D\?egion

proved more successful than the other HLA loci and indeed seems to be as’

.

important as the other known'HLAa;egions combined, the effect being

additive to the benefits of matching the other 1oci(105) | Further work

gave clues as to the reason for this success.
I B -
Not every antigen was found to cause an immune response. Indeed it

now seems likely that T lymphocytes and other Iimmune -cellstgap only
. ~ . . . \

"gsee" extrinsic antigens in the context of, or in association with, self

.major histocompatability locus antigeﬁs(;q61107),' ‘For helper?T:cells‘

" and miﬁropﬁages; the seifﬂéntigens involved are“the'"Iaf'ahtigenSETCOﬁéd

for in mice by genes within the H-2I region and in man by genes within

N

‘the ,HLA-D ‘region.  For 'cytotoxic _T cells, B .cells and perhéﬁs
suppressor T éelis; antigen products of the mouse H-2K qf D regions are
in@éived and in'man,vproducts of HLA-A, B and C regions(106’108). The
end result of this 1is that aﬁ'animal may only be able to respond to
ext;insic antigens for which it has Ta type antigens tb associate. The
finding ;hat these HLA-D/DR molgCuleS were not ubiquitous was even more
intriguing. . ’

D regioﬁ antigensh;ere found to be present on a limited number of
/tis#ues, iﬁ}tially ﬁacrophages, B lymphocytes, sperm and a few .others
nown(108) | ‘ | '

were known Further studies in kidhey‘reveéléd tﬁé presence of HLA-

- DR antigens - on severdl, non lymphvid tissues. Endothelium. of
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t

intertubular capillaries and glomeruli were found- to contain substantial

amounts and lesser amounts were present on larger vessel endothelium,.

glomerular mesangium and on "dentritic cells"(%pg).

DR matching in rehé; transplantagion thgs became more ﬁndersténdable.
Nevertheless lLa antigens are not ubiquitous. In skin the only cellé
that express these antigens are the Langerhans cells, a dentrttié celi
that functions és a fixed mac:ophaé&ﬁllo). ’A similar restriction in Ia
bearing cell types was fognd in the pancreas and attempts to delete

these cells began.

@ )

a

Minimizing Histolncompatabillity: Ex-Vivo Immunoiogicél Manipulation

Pancreatic endocrine cells have never been shown to express Ia

~antigens. 'Alejandro, et al. demopstrated ‘that_ HLA-DR was located

predominéntly “on vascular endothelium of~ both" islets "and exobrine‘

tissues in adult human pancreas. Large amounts were also evident on

macrophages and lymphocyteé buf due to the. rélatively' sméil mass\fof
tﬁese leucocytes, 1in pancreatic tissue, they considered endotheliai
céllg at least as important a;source of.Ia.antigéné. Their monobloqdl
antibgdy technique\shohed an abscence of Ia on endbcriné cell;;'exocrine

¥ o

cells_ahd;ductal tissues(lll),

HLA-DR antigens in human fetal tissue, Danilovs et fgrr found HLA-DR

cells to 4nclude a population of dendritic cells present thfoughout the .

[y

exocrine regions 'aé well as peripherally (through not ‘centrally) in

1slets(112), Bindinévto targe clusters of lymphoid cells in this fetal

tigsue‘illustrated graphicafly that fetal tiséues»can be expected to be

at least as immunogenic as adult tissue. Other workers have

)

demonstrated the presence of pancreas—-specific alloantigens that séemed
. R B ) } . s

14

The importance of

Working with monoclonal antibodies to.

32



most likely to be enzymes or inhibitors secreted by acinar cells(113). -

These studies &emonstrated that Ia antigens were present on many
cell types beyond passenger 1eucoéytes.' Fur;her work de$0p$trated that
these - othéf cells..could also effectively présent antibodiés to
lymﬁhocytes and so'vbegin.'thg' effectbr phése of the. 1mmupe response.
. Zitron et al. demonstrated the effectiveness of mécrophageé from
peritodeal‘exudaté‘in causing rejection of established islet allografts

(114)

in .rats Hirshberg et al. showed that both épidermal Langerhans

cells : and umbiliéal ~ vein endothelial cells “can feplace

monocytes/macrophages"as antibody presenting cells and were about

equally-effective(lls). -
The apparent lack of HLA—DRvéntigens‘from'endocrine cells but its

l

33

presence within islets means that even clean picked~pancréatig islets

 aevoid 6f exocrine contamination will incite an lumune response and be

réjeétéd. Since even endocrine cells expreSS;the type 1 (HLA-A,B, & C)

target aﬁtigengﬂ thét are attacked by immune effeéto; celis)
sensitization ,of ‘helper °T aells by type kII‘ (HLA-DR) ahtigens on
" contaminant. tissue will bring about graft destruétion. But if current
thoughtg‘»on immundiogical/ mechanisms are valid, a puré strain of
pancreatic endocrine cells’should be transplaﬁfable s&ccessfully wi}h
"minimal or no immunosuppression(L16). Many - methods hav;fbgen used .in

attempting to achieve this result.

Pretreatment. of the donor with Ethioqine(57) or ‘alcohol can

selectively destroy exocrine tissues and so feducei the immunological.

stimulus from the now more islet rich transplant tissue, but in vivo

¢ -

.donor pretreatment will never be feasible in clinical transplanﬁétion,
(2]

@

unless- xenografting becomes a possibility.



B3

!
A more ﬁraétical gpproach to decrease the immunogenicity of islet

traneplants has bhen cell cultufe, with or without application of other
medalities to eliminate passenger- cells. Lacy fﬂifﬁL' pyetreated rats
with radiation Hto elimieete' leecocytes and Iéilica to incapacitate
macrophages, then cultured clean pickeé isiete inhQSZ 0, and 5% COy at
37°C for-1 to 2 days, prolonging allograft ‘survi;al across a minor
histocompatability barrier(l%7). They ceuld not duplicate these results

across a major histocompatability Ab‘rier or virhen Ficoll separated cells

(contaminated with macrophages, ductal, and Vascular AtiSSue) were

© used. When a single dose: of antilymphocyte serum -was added to the

protocdl for . clean picked islets, survival across a major

-

histocompatability barrier was achleved. Subsequent work demonstrated

Ehat 7 days of or an culture at 24°C and treatment with antilymphocyte
B . ‘

°

. serum achieved similar'fesﬁifs; most probably by -decreasing the number

’ of, or 'altering, .the passenger leucocyte

.

s(lls). Lymphocytes from

rejecfed islets showed a -predominance of Ly 2+ -cells (cytotoxic T
1ymphocytes are Ly 1—2+) whi¥& non reJected 1slets showed a predominance
of Ly l+_cells. These findings were’ believed by the investigatpors to

reflect a decrease 1n cytotoxic cells and an increase in suppressor

(119)

iells around sucessfully engrafted islets. ' ’

Simeonovic Eﬁjal. produced similar proiongation of islet allograft

survival in mice with. tissue culture for. 17 days at 37°C, in 95% 02 and

5% 002(120); They found the immunogenicit);u of fetal tissue more

difficult to alter. Subsequent work . showed the existence of a state of -

tolerance and resistarce to rejection induced by specific stimulation of
the recipient(lzl). However, Mandel et al. found that while human fetal

dsle's grow well in conventional culture conditions and acinar cells

34
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die, under the cénditions'used‘to alter immunogenicity in mouse and rat
islets (95% 0, at 37°C), human {slet cells were rapidly killed(122)
Altering the culture conditioné to those ﬁore sultable to human 1slets,
Lacy et al. .produced pFolonged survival (>100 days in 70%, >200 days 1n
33%) of 1islet xenografts (rat to mouse) gultured at 24°C ig air and 5%

C02(123). Opelz and Terasaki had earlier demonstrated that low

temperatue culture caused lymphocytes to lose the ability to stimulate

an 1immune reqction(lza). .Rabinovitch et al. ‘duplicated = this,

prolongation of gat allograft survival by tissue culture and documented

a 457 reduction in Ia content along with loss of identifable endothelial

(125)

cells, macrophages and lymphocytes Others have confirmed the loss

of vascular endothelial <cells as well as leucoyctes iIn \cell

_jculture(lzs)-

Cell culture élone, under appropriate conditions, or' more
- : .

effectively when éombined with antilymphocyte serumbshowsvgreat ﬁfomise

in the alteration of immunogenicity 1n pancreatic islet transplants.

The reduction of immunosuppressive medication doses or the complete'

elimination of a - need for | immunosuppression in  human 1islet-

transplantation maf indeed® be possible. Unfortunatély; the method by
which_cel%.culture techniques achieve these E%éults are still not'knowﬁ;
possibly Becausé of this fundamental defegt in uhdegstand;ng, cell
chlture ﬁechniques to alter immunogenicity have never been successfully
,applied~£o a large animal model. Other approaches.are still required.
A fas.cinating'alternati've) involves the use of Ia specifik ant'ra
and coﬁplement to treat 1islets. Stud;es.wifh mouse 1islet allografts
usingbthese techniqueg haQe resulted in 100%”surviva1.of ;llqgrafts for

greater than 300 days. Faustman and co-workers believe the tissue bound
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dendritic cells that are rich in Ia antigen are the important cells

t(127). Others have shown these Ila-

deleted by this antibody treatmen
positive dendritic cells to - be wubiquitous among the Ia-negative
parenchymal cells of 1liver, heart, kidney, thyroid, skin, and
bladder(lzg), as yell as pancreas, apnd it seem; that these Ia—positivg
dendritic cells may be as mﬁcﬁ as 100 times more potent than lymphécytes
at stimulating iﬁ_ vitro immune response. Faustman and group's
achievement of allotransplantation withéut immunoguppreséion %s truly a
1andmark'study.

‘Work by Long and Scharp has taken another approach. fancregs is
being digested to a single cell suspension by sequential collagenase and
trypsin digestion. = The cellé are then partially purifiéd by
centrifugation against é flow resistance,,‘so called ‘"centrifugal
elutriation”. - Initial work " has achieved a tissue product that 1is
approximately 80% éndocrine"cells and autotransplantation by gplenic
reflux 1in dogs has resulted 1in normoglycemia in some aniﬁals
studied(129), 4 solution that is - 20?7 contaminants may not be
satisfactory for allografting with minimal immﬁnosuppression. Further
work 1is ongolng involving floﬁ electrgphoresis‘separation of " endocrine
cells from contaminating acinar tissue, leucocytes, aund endothelial
éells to achieve a pure endocrine cell ﬁsolution that may be

transplantable without immunosuppression.

Immunoisolation Devices

Transplantation of allogenic and =xenogeneic islets within

semipermeable membranes has been. attempted with the premise that a

suitable diffusion barrier could let glucose and other nutrients into '

the islets and could allow e?flux of 1insulin and other islet products

{
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while preventing cellular and perhAps‘even humoral 1mmuné responses from
destroying'the graft. Many variations of membrages have been tried.
Early studies suffergd from a massive fibrotic reaction from the host,
effectively 1sblating the graft from satisfactory contact with body
fluids(130), Recent work by Dr. A.M. Sun at the Connaught Research
Institute has developed a membrane of polylysine sandwiched between
layers of alginate. Studies with microencapsulated rat 1islets
allotransplanted to the peritoneum have achieved normoglycemia for
periods from 82 days fo over 1 yeaf(131). Large animal studies are

lacking as of yet.

Implantation\of,the device within the bloodstream could improve the

flux of nutrients and: insulin but thrombosis and technical problems have

prevented success for longer than a period of hours(132),

-

Blood Transfusions

- )
*

Early in the history of renal>transplantation blood tranfdsions to

a prospective reciplent were avoided partly to prevent the sensitization'

of the patient to antigens that may have been present on a future donor

-

kidney. Suprisingly, when studies were carried through, it seemed that
kidney recipients who had previously received blood transfusions
actually had better graft éurvival. It was 1initially though the

J

beneficial effect was. to be expected only from transfusions of blood

from ‘the donor, a possibility only with living related vdondrs(133).'

Further studies revealed that the effect gxtéqded to recipients of

8

cadaver kidneys that had received 'bloodgfgpavéfuéions from unrelated

134) ' 4

Vo

people.(

A detailed anaiytic study by Terasaki, 55_313 documented that the.
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main effect of transfusion was on reducing acute rejection epilsodes

w{thin the first months from *the usual 30% to 10%(135) The effect was
additive with HLA-A and B matching and paximal with HLA-DR matching at 2
loct. Blood transfusion vi;’ thus believed to produce enhancemént or
tplefénce in reciplents and so prevent the vigorous acute ifreversible
rejection process 1in about 20% of all recipients .who would have
e#perienCed this reaction without transfusion, resultigg in a 10%
overall improvement in 1 year kidney ' transplant survival(136).
Unfortunately, about 15%Z of transfused patients will develop high
antibody titres, making future transplantation much more difficult.
Re%ent advances in immunosuppression (qulospofing) have resulted in the
loss of much of the benefit of the trangfusioﬁfeffect, at least in.the

short term, leading some experts to decry its further use because of the

above mentioned problem of hypersensitization(l37’138’139).

Recipient Immunosuppression

Tissue typing and - organ , banking has not‘reached the state where

totally matched organs are available for every transplant recipient.
v Ji—— .

Indeed, given the complexity of the ma jor histocompatability complex, it

may never -‘be completely understood. New antigens are being found

sporadically, such as the new non D/DR class II molecules encoded by the

HLA-D r@gion:MB/LB—E(14O). Thus antigens distinct from Ia that are

capable of stimulating allogeneic 1ymphq¢ytes are a distinct

possibility. Morrow and Sutherland have demonstrated rejection of mouse

islets after transplant between animals identical at the H-2I region

(class II - Ia - region alloantigens) but different at H-2K or H-
,p(141)
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Until the histocompatability of tlssues {s better understood or
\

preparations of nonimmunogenic 1slet tissue are avallable for

transplantation, immunosupprésioﬂ of the recipient will be;ngcessary to"

prevent the réjection of transplanted allografts. This seems even
more so in the area of pancreatic transplantation since the rejection ‘of
allotransplantéd pancreatic or islet grafts has been more difficult to
prevent thg% rejection of alléééafts of‘ﬁeart, skin, and parathyroid, as

(142,143 ,144)

well as liver and kidney Pancreatic islets have been

demonstrated to produce a- shorter period of normoglycemia after
allotransplantatibn than whole organ or segmental pancreas transplants

as well(las). it is not known 1if this is because collagenase digested

islets are 1indeed more immunégenﬂc (ﬁossibly enzymatic digestions
/

uncovers otherwise "hidden” antigens) or whether the cellular clumps of .

transplanted isleés are more susceptible to the effector mechanisﬁs of
rejection.

Recipient immunosuppression takes: many forms. Non specific
immunosuppressiqn involves the Qnselective blocging‘bf immune responses
to forelign antigens without consideration of their’ origin:' from
alloéfafted organs or from infecting micro-organisms.

The first step in the immune fesponse that can éurrently be blockéd
is that of the macrophage actions of phagocytosing antigens, processing
them and presenting them to lymphocytes for further actisn. Two drugs
that aiter macrophage function have been: testéd in pancreatic islet

*

transplantation. Silica has been found to be very effective 1in

preventing rat islet allograft rejection indefinitely if administration

is begyn 6 days prior to transplant(146). Carrageenan 1s also toxic gb

W
at

macrophages in vitro by the same mechanism as silica: the -rupture of

'
+
d
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-»." Fs -
secondary lysosomes congaining carrageenan (or silica) particlés and
enzymes'tokic to the host macrophage (both are substances resistant to
enzymatic destruction). Despite evidence of activity in several cher

allotraﬁeplant models, and despite ‘the similarity of ‘{ts method of

aation to silica, carrageenan (obtained from the marine alga chondruqv{

crispus) has not "been found effective in rat - 1islet .

allotranSplantation(147'148).

permanent deficit in macrophage functibns, an fmportant example of whiqﬁ?

b s
IS P

. e

increased cancer rates has prevented any study of these agents in ggn, .
19

Colchicine prevents replication of macrophagee J*xand

. polymorphonuclear leucocytes by binding to the tubular proteins of the

1

mitotic spindle leading to cell death in metaphase. While 1t could

conceivably have valuable usage in organ transplantation, colchicine

also binds to the tubular proteins utilized by the pancreatic beta cell *
in the secretion of 1nsulin,'thus limiting its use in pancreatic isletr
cell transplantation(lag). S . v

Most - of the immunosuppressive  regimens cugrently used utﬂ"be

Unfortunately, both compounds causeyhd !
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lymphocytopenic agents. Various methods of de%irOying the cells"

involved 1in initidting (T helper cells), amplifying and effecting

 (cytoxic T cells, B cells) the immune response have been tried in

pancreatic islet transplantation...

Ionizing radiation has been krown to profoundly affect the immune
system since the early 20th century. Unfortunately, whole body
. oy )
irradiation produced severe morbidity and frequently mortality when

doses sufficient to produce immunosuppression were used. The subéequent

use of total lymphold irradiation therapeutically in Hodgkins disease,

N

/
i3

“t
e

K
. B
is thought to be tumor surveillance. ~ The strong risk of gregtly Mf, ’

!



and the documéntationlof suppression of the i1mmune system 1in patients

treated so) rekindled inﬁe?est in this modaiity« ) Investigétion han
revealed that ;he efféct oé irradiation 1is not uniform on all types of
'immune cells. It seems :that cytotbxic T lymphoctyes are 'the most
resistantkto‘fadiation, while T hélpér cells are véry sensitive; the
sensitivity of T suppressor cells is not firqu established but many
‘believe them to Dbe ‘gnfort%nately;E more s;nsitive than- helper
hceils(lso). Total ly;phoid irradiation combined with infusion of donor
bone marrow cells to produce chimeri&n was used by Britt et al. to
achleve tolerance to allogeneic pancreatic 1islets ih rats wi;hnut
’évidqnce of rejgction or graft—versué—hosﬁ dise;sen for over 100

(151) Najarian has recently published a protocol for total

days
lymphoid irtadiation combined with standafq immunosupbression which
’;ésulted in faifly dramatic imntovément' in success with renal
transplantation in patients who had nreviou§ly rejected a kidney
graft(lszj. As could - be éxpected, however, morbidity with this method

is great  and mor;ality not insubstantial. Such a tokic method of
inmunosuppressidhkmust be reserved for the patienf knonn to be at high

" risk for rejection&and fpr'nhom noﬁalternafive therapy is available.

“_ An agent Withoug majof:tnxicity in eériy‘tes£s~is the adenosine

) dgaminasé inhibinor erythfo—9—(2—hydroxy-3—nonYi§ adenine hydroéhinnide
(EHNA); ”Adenonine deaminase inhin}torg are gore‘toxic to leuotyfes than
‘othef ells. Because 1eucocyte§ lack the enzymes necessary for de novo

~ purine syntnssis; ieucocytes rely on adenosine deaminase as a purine -.
salvagé’ ba;nnay." By blg?king %hhgs pathway, EHNA seems narficulafy
effective against T lymphocyteg. Lum fﬂiy.ﬂlf have .demqnstrnted

prolongation of mouse islet .allograft survival with this agent(133) "ang
N Y . . ' L *
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Glazer was ablq to prolﬁng mouse skin allograft*survival with d4dCT, a

related adenosine deaminase inhibitor(154), as were Ruers et al. with 2'

‘ ° o
deoxycoformycin(155). .

f

‘Chemotherapeutic agents utilized in treating various malignancies

have been found to have immunééuppréssi&e effects. These include
melﬁhalan, 6-mercaptopurine, azathioprine, methotrexate, and
cyclophosphamidé. The main effect of the alkylating . agent

cyclophosphamide is‘ e#erted by“'its cytotoxic effect on iymphocytes,
ﬁarticularly B 1ymphocytes(156).' Tﬁe depreséion of humoral imhunity
which results has shown beqFficial effects in renal transplantation, but
little effect in pancréatic islets transplants(144'146).' ‘With the
emergence of othe; léss ‘toxic, and more #otent, immunosuppressives,
cyclophosphamide 1is ;’gsed infrequently at presentf in ;clinicél
transplantation.‘ |

Another chemotherapeutiévagént, azathioprine, has been the backbone

of clinical immunosuppression for transplantatiorr for over two

decades. . In combination. with prednisone, this was the first

immunosuppression combination to giv% a reasonable expectation of

(157)-,

survival for recibients of kidneys from cadaver donors Results in

canine and human whole organ and segmental pancreatic transplantation
have not lived up to the results of renal transplants. (52{158) and

results in 1islet transplantation have been poor. Bell, et al. were

N |

unable to prolong normoglycemia in "rat 1islet transplants with

azathiopriné either~with or‘without steroidsa(146), nor could Kolb and-

associates 1in dogs (159). Kretschmer et al. using azathioprine and

. . .
prednisone in canine pancreatic fragment allotransplantation achieved
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‘normoglycemia in only 8 of 24 dogs so’treated.(16o)‘ All 8 subsequently
died of ;lnfections felt to be due to excessive immunosuppression.

Glucose tolerance- testing in sucessful animals revealed significant

Ly

—__ abnormalities - in the K value when compared to autotransplanted

W

nonimmdnosuppressed recipients.

The diabetogenlc,effect of sterolds has always caused concern in
padcreatic tradsplantation. With‘present yields islet transplants are
not as efficient at maintaining carbohydrate metabolism as 1is a normally
functioning pancreas; the added stress of steroids in transplantation

could compromise graft function. ’Steroids possess "a host of other

‘ondesirahle side effects when used in high doses, the most serious of

which‘has been an increased susceptibility to infection, especlally when
used in combination with other immunosuppressives. Infection.hasukilled
more patients following renal transplantation than has rejection, in
1arge4part due to the massive doses of steroids uséed to reverse acute

rejection episodes. Nonetheless corticosteroids have been indispe ible

in renal transplantation for reversing acute rejection reacty

in segmental pancreatic grafts(161).

The prime mode of action of corticosteroids on the 1 A system is

that of 1ysié& of activated lymphocytes, although a myriad of other

&
effects have also been noted(162) While 1t could be expected that

steroids shogld provide a beneficial effect on islet transplantation as

a4 single agent, Nelken et al. could document no ,such effect in

rats.(163) Bell fﬂi.iif could show no evidence of benefit of steroids

when added to azathioprine in rat islet transplants (146) and others‘

have substantiated the poor results of standard azathioprine/prednison
| ) /

.‘?

%

el
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immuanuppréssion fof both rat and dog tslet models(199:160)  gschylak

%

tested intravenous methylpredhisolone in rats for its ability to reverse

acute rejgction but could find no sigﬁificant‘effect(l64). Sutherland

¢ : o ;

“believed that high dose steroids might be detrimental- to 1islet
i ¢ oo . . w7

func:ion(l65). " It may simply be that given the speed with" which

o

rejection can -desttoj' transplanted islets,v and the boor methods
available to monitor rejection in ‘islet transplantatgon‘(hyperglycemia

is obviously a véry late event), we may not diagnose rejection early

enough for the lympholytic‘effect of steroids'to’be of.any significanty‘

benefit.
One of ‘the few  agents that has shown promisé of improving the

results of azathioprine/prednisone  treatment is"antilymphocyte serum
. ' ‘ 2 .

(ALS). = This powerfﬁl immunosuppressive 1is produéed from the serum of -

animals immunized with iymphbcyte rich fractions ‘of the sefa of anqther

animal, wusually.  of _a‘.different species.  The whole antiserum or

conventional antilymphoctye 3giobulin (ALG) ‘derived from the Sserum is
: Rl i . N

very‘ effective - in depleting

cééting and opson{zing them for macrophage ingestion,’ or by causing

(166)

complement—mediated‘lysis T—lymghocytes seen fo be affected more

. than dther cell lines. ALS has been shown to prblong surviyél in animal

B .
allografts .of kidney, 1liver and ;heart(167).

n .

Evidence has 'been
»
conflicting, however, on the results of ALS on human transplants of

(166)’

these organs partly due to variation in the activity of ALS from

various sources, - and partly due to- variation in dosages utilized.,

Double blinded, randomized trials have ‘shown either clear benefits from

i

ALG(168) or no benefit(lﬁp). , y
: . N

In dislet allografts, . ALS has shown strong evidence of

rculating lymphocytes, presumably by
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immonosuppressive activity in animals.a Frangipane showed prolongation

of qpuse islets allograft surviva1(17o) and Beyer and Friedman prolonged

* rat islet allograft survival(171). Barker et al. demonstrated prolonged

survival of rat to mouse islet =xenografts with ALS alone(172)

Combinations of ALS with cell culture have resulted in prolonged islet

: allograft survival despite no further ongoing immunosuppression(llg)

Lorenz et al. achieved prolonged normoglycemia in dogf with a weak
histoincompatability by prolonged immunosuppresion with azathioprine and
anti-thymocyte ‘serun173), B

» Antilymphocyte serum 1s not without problems however. Allergic

reactions have been troublesome(l67) and excessive immunosuppression'in

protocols using- ALS in combination'with other immunosupressive drugs has

been blamed for a high incidence of lfmphomas (mainly Bf EB virus type)

ey
-

in humans following heart transplants (eépeciallyvfor cardiomyopathy)

and remsl transplants. Thrombocytopenia and leucopenia are common side

effects* of ALG, requiring discontinuation = of therapy in some
patients(l69).
A very interesting and related ‘approach has been the use of

monoclonal antibodies against T cells. The technique of production of

monoclonal antibodies from hybridomae was developed by Kohler and

\T‘
Milstein(172) and the OKT3 monoclonal antibody has been used clinically,

P

though not yet with dramatic effects, partly because of the tendency of

‘the recipient to develop anti-mouse antibodies(173) Cosiml was able to

reverse 1nitial acute rejection episodes 1n 8 patients .with renal

aliografts but subsequent further acute rejection episodes occurred in 5
‘ s (174) b - .
of the patients and were 1irreversible in 2 « More recent studies

have shown poverful effects in reversing steroid resistant rejection
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episodes, but égain subsequent rejection episodes were not uncommon, and

.

some were irreversible. Severe dlarrhea with the initial IV dose is

(175)

very common and wheezing;  fever and chills not rare ‘Production of

moﬁoclonal antibodies using human-cell hybridomas could be a major

1Y
‘advance in coming years.
) o .

ko

Semi-Specific Immunosuppression: -

An agent with a substantially different mode of immunosupression,

/
which I will call "semi-specific"”, is cyclosporin A (CsA). CsA was

dié@overed ;n the Sandoz Research Laboratories in Basel, Switzerland by
Dreyfuss et al. during screening of fungal ﬁeﬁabolities for antibiotic
properties. It was a poor.antibiotic but,the/demonstrétion of delay ;n
re jection of H-2 incompaﬁible skin grafts in mice by Borel led +to
further iﬁvestigations(lag). . .

Cyclosporin A is a cyclic endecapeptide(gf molecular weight 1202;

composed of 11 amino acids,’one of which was previouély unknown . ﬂ“is
one of 2 family of similar pe?iides produced bylsoil fungi, in this case
Tolypocladirm inflatum Gams. It isvintensely'hydrobhbbic'but is séluble
in ethanol, olive o0il, medium chain triglyceride or tween 80 syrfactant
(Sigma»éhemlcals, St.:Louls, Missouri), Due to its hydrophdbicinéture,
absorption after both oral and IM administration has been variable. A
fprmu%ation for intravenous use.is now‘availablé and the use of olive
, oll as a vehicle has improyéd_ oral absorption somewhat. With oral
adﬁinistration, maximal plasma levels are reached within 3 to 4 hours
and T Y is from 17 to-40 hours(176) . The initial therapeutic dose in
man is 10-20 mg ger kg body weight daily. Toxlc effects are minimiied

by maintaining trough levels in piasma below 400 mg/l(177). Moiﬁ of the

Q

v
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drug 1s metabolized by the 1liver and excreted in bile. About 10% is

excreted by the kidneys, mainly in the form of metabolites, dﬁly 0.1%. 13

A

excreted unchanged by the kidneys(176). Obviously alterations iIn liver

.fundtion. could dramatically affect serum concentrations, and thereby

~alter immunosupressive actions and toxicity(173)-

i Determinatioﬁ? of serum CsA can beg berforméd rapidly by high
ﬁerformance liquid chromatography or by a radio immunoaésay of

v . .
inhibition caused by test serum between a reference (serum and 3H—labeled

CsA.  The reliability of these tests 1s not yet absolute and the

relationship between serum level, as measured by elther of these

methods, and the immunosuppressive action of the drug has not been
. established(178). Toxic 1ével§ are better known, at least in the ‘human
gituation. : ﬂ!

€

A méjor advantage og CsA is = 1its apparent ack of

myelotoxicity(lzg). Most otthwdrugs with significant immunosuppressive

, actions have been toxic to bore marrow(176) including the present

standards azathloprine and Antilymphocyte globulin(lso). Early studies

demonstrated the ability of CsA to selectively kill those lymphotytes

that can destroy allografts without totally dest;oying the immune

syétem(180). Further investigations suggested that CsA was non toxic to
small lymphocytes but highly toxic to lymphoblasts generated by mitogens

(181) |

or allogeneic cells Calpe proposed a selective elimination of

helper T cells(lsz).

!

Gordon and Singer, publishing in Nature(lgo)

pursued the mode of
action of CsA whereby it avoided myelotoxicity. Using colbny formation

as an endpoint, he demonstrated far greater toxicity toward T cells than

toward B cells or hematopoeitic stem cells. His results also suggested

( .

47



.~

subpopuiations of T cells, some sensitive.tOsCsA and some ngt.

Wang, utilizing both‘iB_zigsg_and in vivo methods, showed that CsA,
added early on to mixed '1ymphocyte culture, rendered lymphocytes
1ncapable of being activated by re;exposute to alloantigens pres%nt in
thé MLC initally, while the ability to respond to unrelated antigens was
seemingly intact." He could show no effect on cytotoxic 1ymphocytes
alfeady generated and so suggested that CsA acted on the induction of T

killer cells rather than on the effector phase of the 1lmmune response

A

itself(183)- \

%oa et al, using mixed lymphocyte culture techniqueskhad similar
results, Overnight incubation 1in asg ifttle as 1 Pg/hl of CsA resulted
in .60% inhibition of proliferating (bone marrow) T cells while
concentrakion of CsA of 10 Ug/ml could not inhibit cqlony formation by
festing (peribheral bloqd) T cells(leé). Kunkl confirmed that while
virgin T helper cells were sensitive to CsA, lymphocytes glready primed
by alloantigens were not. Since CsA had‘little gffect on unstimulated
cells it would have little effect_on ongoing antibody productién. Kunkl
also demonstrated a selective action of CsA on somé'B cells.. A certain
population of B cells that were responsive to T-independent aﬁtigens
were exquisiéely sensitivé to CsA, while other B cells responsive to T-
indepeﬁdent_antiéené'and all T—dependent B cells were resistant to the
drug(lss) . o e
Recent work has done much to explain the éctiong of CsA that éan
produce this selective action. It is clear that CsA exerts its effect

A . -

early in the immune kresponse, it 1s not effective 1in preventing

-

rejection if given to the recipient after T cells have been primed by

forelgn antigen (186)) This work by Bunjes et al. and an elegant

A?,
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3
series of fexperiments by Palacios EE.E&?&187) has thrown much light on
the cellular and the subceilular.actions of CsA. A brief review of
current thoughts concerning the method by which alloan;igens stimulate a
rejection regction is helpful.

T lymphocytes activated by either soluble antigens, particuiate
alloantigens orymitogens recognize at least two distinct sefs of factors
for clonal expansion and maturation. Alioantigen .1s presented in
asgsociation with HLA-DR antigens by accessory cells (macgophages) to T
cgells. This primary event results ih several changes. First, receptors
for Interleukin—-2 (I1-2), previously named T 'cell grbwth factor, are

expressed by I1-2 reactive T cells. Second, antigen triggered cells

signal adjacent accessory cells to start producing Interleukin-1 (Il-1),

previously known as lymphocyte activating factor, and also begin

-

expressing receptors for Il-1 themselves. Only in th% presence of I1-1

will the acgivated T cellybeginaproduction of I1-2. T cells apparently

depend absolutely on Il—2ﬂfor continuous growth, but both the productionv

of I1-2 and expression of sensivity to it require a primary activation
of the T cell by antigen or mitogen(176).
Cyclosporin A stops the proliferation of T cells induced by elther

antigens or mitogens‘by actions on 3 distinct actions on this cascade:

(a). inhibiting T cell help to accessory‘cells for the synthesis of

interleukin - 1.

(b) preventing the I1-2 producing T cell from expressing.géceptors

for I1-1 and so suppressing synthesis of I1-2.
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(¢) ;rendering T cells unresponsive to 11-2(176,186,187)

‘ -

’

©

Several of these aspects of the mode of action of CsA promise a new
level of immunosuppression for organ allotéansplantation. The apparent
lack of' myelotoxicity 1s a dramatic d1improvement over previous
immunosuppressive agents. The dfug-has not proved to be carcinogenic in
vitro, unlike both azathloprine and cyclophosphamide. The limited site
of action on the immune syétem 18 another major advantage over previous
agents whose action was achieved by non selective destruction of
lymphoid ;ells, with or ‘without other tissues. CsA has been
demonstrated to largely spare B lymphoctes from limitation to function;
committed T 1Ymphocyteé producing‘rantibody are 1ikewise” spared. No
adverée effects have been found on macrophage phagocytosis and effects
on natural killer (NK) cells were not marked. NK cellé (thought to be
important in immune surveillance against tumors) are not d;rectly
affected by CsA: but CsA does decrease T cell ﬁroduction of gamma
interferon; a positive modglator of NK cells(l76), Lower risks of
overwhelming infection shéald thus be attainable with CsA as compared to
previous immunosuppressive agents.

The cellular and sub-cellular mechanisims of action aré slowly

!

being ellucidated for Cyclosporin A. This should allow. more 1oéicél
therapy and a better understandiﬁg of failufes.‘ An eXamplé b;ing that
CsA therapy should be started prior to transPlantation ‘and, 1in most
species, therapy must Jbe continuous to achieve 'long graft survival.

.Perhaps;even more importantly, a knowledge of mechanisms of action may

allow development of related compounds with even more potent and more
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selective action on the immune system, and accompanied by less toxicity.

A review of the results achieved to-date with CsA 1mmunosuppressi§n
in organ ﬁransplanation is now in order.

Application of CsA immunosuppreséion to organ transplantation in
ag}mal models has been Ilmpressive. The first results were by Kostakis
who demonstrated that short-term CsA therapy resulted in prolonged or
indefinite survival of aliogeneic rat heart a}lografts(18§).- Subsequent

work showed indefinite survival of rat renal hllog;afts after a short//

(189)

course of CsA < Other rat studies showed: potent immunoaﬁppression

in liver, skin and bone narrow tranéplan;ation(lez). Similgr'ﬁrolongéd:

(190)

survival of grafts after cessation of CsA in rabbit kidney and pig

:

orthotopic heart allografts(lgl) led ,to speculation that CsA had its
) Y

effect by specifically deleting the clone of lymphocy;es reactive to the
graft. Further studies 1n other specles and with other organs, as well

as studies- of the cellular and sub-cellular mechanlsms of action of CsA
. -1 ‘
have refuted these claims. dwlmore' logical answer seems to be the

development of a state of tolerance due to suppressor cell activities 1in

these long survividk grafts.

Further work with remnal transplantation in rhesus monkeys

(193)

(192)

and

dogs substantiated the potent immunosuppressive effets of

4

éyclosﬁorin A, but” organs were rejected shortly after therapy ceased.

Human studieé(193) ~ also demonstrated a cumulative effect on
. A N
immunosuppression of Cyclosporin A in combination with prednisolone and

azthioprine, with suggestion that this latter combination could be the
' v
most potent. AW
[

Cyclosporin A was found by Norin et al. to be effective as

immunosuppression in canine lung allografts(194). They believed



v

additional steroids would still be necessary to prevent chronic
rejection and found that acute rejection episodes were easier to

suppress in the CsA treated dogs than in conventionally immunosuppressed

animals. They likewise found a CsA/azathioprine combination to be the
' ¢

most effective immunosuppression. Veith et al. were also successful

with CsA in lung allografts in dogs(lgszvand Reitz et al. used CsA with

Success in monkey heart-lung transplantation(196).

The results of CsA therapy in human organ transplantation have also -

+
s

been impressive. Severaiﬁ;
demonstrated a 20% reduction in rejection in tﬁe first year following
transplantation when CsA with .or without prednisone is compafed to
standard azathioprine-prednisone {immunosuppression. One year graft
survival in the European Mﬁlticentre Study iﬁbroved from 527 to 72% in
the group of 232 patients randomized(197). The Canadian multicéntre
. trial of 210 Eatients showed an 80.4% to 64.0% advantage for.CsA(198)

and Starzl's i ‘al in 70 patients found a 90% to 50% advantage for

ahan 1in Houston documented fewer

. CSA(199). 48 1n many studiesE,A
' fal transplant patientslwere treated
with' CsA; he also demonstrated a decfeﬁbe in helper T cells re}ative‘to
suppresséi. T cells in' patients found preoperatively to be strong
dresponders(zoo)- . \

Not all studies of CsA in ren§1 transplant patients have
il1lustrated an improvemenf in graft survival. The most recent ran@pmized
trial of 182 patients from Minnesota showed no improvement(ZOI), nor did
Sheil's group in Auét;alia with 60 patients randomized(zoz), nor the

' Tuebingen, Germany study of 65 randomized renal tfansplants(203).

Hallorgn extracted results from 4 Ontario transplant centres from those

iargu randomized prospective trials have

/
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of the entire Canadian study and saw no 1mprovement with CsA(ZOI‘).
Halloran also pointed\out that all of these studies that did not achieve
an improvement in 1 year renal transplant graft function with CsA and’
prednisone were centres that already had graft survivals of 70 to 80% at
1 year. All of‘ these centres were employing gome form‘ of prophylactic
antilymphocyte ‘,_‘g;lobulin (ALG) with thelr standard azathioprine-
prednisone treat’nent to achieve the'se \results, and it 1is perhapgy not
surprising t‘hat these relative'ly small studies could not demonstrate a
statistical improvement 1in graft :survival over these already excellent 1

year figures. : [

Oyer compared 99 consécutive heart transplants performed by

Shumway 's Stanford group from 1976 to 1980 that were immunosuppressed,

®

with azathioprine-prednisone to their first 66 patients treated with CsA
and found 1 year patient survival inproved from 63% to 82% and 2 year
survival from 56% to 742(205) Rejection episodes were not

significantly decreased in number but the severity of the episodes was:

only 1 patient: died from rejection in the CsA group while 10 did so with

- azathloprinex Episodes of infection likewise were much less severe w‘i.th

\’m

CsA and mortality fromn infection decreased from 40 of 99 to 5 of 66

AN N

. ; K >
the. C treated ients were able to
7?65 % . . \ip‘ '! . ¥

patients.\ Ninety pe _oent

resume a normai life, ;
done so.'v .The Stanford ‘,group ‘

i x.',_

gone such e &amatic

utilizing Cs prednisone.r 3
g ‘ye ' Yoo ' ' i1

'rt 1’iung tzansp},anation ‘has 1i;k_e§rise achieved some

- excellent res};it}s f&lith CsA. Jameson of the Stand/ford group reports a

N
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74% 1 year. and 58% 2 year survival 1in patients transplanted for

Eisenmenger's syndrqme(206).

'Williéms_gg_gk. were I1mpressed w’th the results of CsA in canine

liver transplants. Survival was more than double that of azathioprine

treated animals, and no CsA treated dog rejected his graft,

(histologically or bioche;ically, until the dose of CsA was reduced to
<20 mg/kg daily(207). o

One hundred and seventy‘patients transﬁianted by Starzl at Denver
and Pittsburgh oyer»a 17 year period achieved 1 year of survival in only
33% of cases, with no significant improvement in later years(zog). In
the 224 consecutive. patients transplanted with CsA and prednisone since
that time, lbyear survival has been §82. This improvement ﬁas been

evident 1in neérly all subgroups of patients from biliary artresia in

bbchildren to sclerosing cholangitis(zog). In the words of Starzl liver

transplantation has now evolved from a "highly unpredictable

experimental undertaking to- a bona fide service” since the introduction

bof CsA.

Cyclosporin has also been applied ¥ :ﬁﬁplant organs which had

" not successfully been transplanted in animals immunosuppressed with

%

other agénts. Craddock et &l. achieved a mean survival of >100 days in

dogs with total small 1intestinal allotransplantation when CsA was
administered intramuscularly for 30 days, then orally(ZIO). Ricour et
al. achieved surviv#® of small bowel allografts in piglets be}ond 200

a ’

days with CsA administered 1ntravenqusly for 5 to 10 days, then

orally. A CsA level of » 250 mg/ml in serum was found necessary to

(211)

prevent rejection CsA has been capable of preventing graft versus

host disease 1in small bowel transplantation as well(?12’213). .Black
4 ,

&
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reported survival of whole rat 1limb allografts for a mediad 101
‘ﬂays(éxﬁ)’and Furngs; achieved indefinite rat whole 1imb survival (> 400
! ' A : 2 :

days) with CsA(zls)-

t]

. Recent buman studies have bréught to liéht maﬁy gide effects of CsA
" that were unrecognized in early aﬁimal toxicit§ studies. Minor proﬁlems
. o
have been many,  including: " hirsuitism, gﬁm hypertrophy, tremor,
paresthesiés, benign breagt tumors, hyperkalemia and intestinal ileus.

Conventional immunosuppression Iin transplant patients results in a

—

level of i@alignancy about 6 timeé, that .of the normal population.

Experience with CsA now suggests a similar incidence of‘mq}ignancy but

(216)

aver 80% of CsA ASébciated‘malfgnancies have been lymphomas _ Early

work by Calne acwCambridge found ; 10% incidence of lymphoma often ‘in

217)

the gastfointestinal fract( ifhe Stanford group reported 4 lymphoid
' : o . AT

'malignéncies in their  first 28 cardiac tranﬁplanﬁ‘patients treated with

CsA, all of whom had also received rat antithymocyte giobulin<205).

3

The majority of these tuﬁors can now be shown to be associatéd with

Epstein-Barr, yirus(EBV)(176!218). Many are not true malignancies but

‘rather abnormal proliferations of B'lymphoéy;es due to transformation by
. EBV 1infection in' the face of high 1levels of -immunosuppress{on(176).'

Nanto has proposed a useful classification pf’lymphoid proliferations in
. : 4 ' ' . : ; - ; K
immunosuppressed patients based on the gross appearance of the

involvement, the morphological appearance and whether the lymphocytes.
"are polyclonal or monoclonal. Treatmént of benign appearing polyclonal
. : - R . , .

tumogrs with acyclovir has been -effective by preventing EBV

- s

. proliferation and. infection of other” ‘B lymphocytes and s0 stopping
~ transformation. Polyclonal tumours with abnormal morphology require. a

decrease in immunosuppression to avoid further progres®ion to frank
/ - : :



monoclonal lymphoid malignancies which present as solid tumors and_have
a poor .response even to aggressive treatment with surgery, irradiation

(219)

and chemofﬁerapy Recent clinical work has documented the

usefulness of this approach and the greatly impgoved prognosis of these
polyclonal "pseudolymphomas” that represent the majority of lymphoid

g

prolige bons in  CsA treated gatients(zzo). ; With lower - levels of

2

préééive therapy, mbnitofing of serum CsA levels to minimize
¥

dosages, and improved understanding of the nature of these diseases,
. d, N ‘ " N

current - gtudies shpw no increase in malignancy when CsA 1is used when

. compared to standard immunosuppression(221’222’220);

The most. serious é%ﬁplications of CsA theraéy encountered thus far
has Been‘nephfotdxicity. CsA 1is believgd to be physiologically toxic to.
the tubules, consistent éndlspecific-microséopic chaﬁges have not been

documented(223) This causes much concern in renal transplantation

!
!

. / * .
where an increasing creatinine could be due elther to excessive CsA or

¢ " / a
S ,

insufficient immunosuppression and subsqauent rejection, Fortunately,

/
/

the nephrotoxicity is dose related and ﬁesponds toﬁeither a decreaée in

désage of CsA or 1its , stoppage.. #nd’ substitution by  standard
immunosuppression. The renal effects/have been reversi?le even after

prolonged (>6 months) evidence of nlphrotoxicity in both animal and

(224,173)’

human models and - no progre#sive structural changeévhaVe been

i -

documented(173). A controlled /:rialﬂ of patients 'experiencing

!

cfclosporin nephrdtoxicity at the ‘ﬁniversity of Minnésota found the;

i . v

.

approach most likely to- maintain grgft function (88% to 2 year@) was to
lower the CsA dose, and if creatinine did not improve, to drop CsA dose
further to 5 mg/kg/ﬁay while -adding a .low dose. of azathioprine to

. prevent rejection(zzs).
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Mild hepatotoxicity has been seen with both reng
9 . ‘
aIlotransplants(lgz). All episodes of hepatotoxicity seen in the

Canadian Multicentre Trial occ;rréd with)sérum-trough CsA levels > 700

o

1(221) and hepatic

Mg§7L(226).‘ Changes in recent studies have. been limited to mild to
.~§'m6de¥a£e increasés'in bilirubin and alkaline ﬁhdsphatase with no serious
probigms. Nevertheless, - any degrée of Hepatotoxicity due ,to CsA or
other factors could_cause‘serious build up in serum levels &n this drug

which 1is totally dependent on? hépatic metabolism for inactivation.

Live;w function tests Dshould be followed regularly along with renal.

»

-

parameters in all patients on CsA tﬁerapy.~

(e}

Another problem which surfaced in early studies was that of
"infection. Brent documented several severe infections, the most serious

4 H )
due to herpes.virus pneumonitis(227). Others have also do%ﬁgented viral
« C - R\

infectigﬁs(207) and the mechanism is likely similar to thé inhibition of
T cell control of viral repligcation in B cells that is'thbught to be

‘responsible for EB virus associated tunors(176) The Oxford group found

no increase . in infection whern CsA was - added to @steroid

iy

immuno§uppression(193). A review of the extensive experienc%'with the

drug at Cambridge re&ealed no major:problemé with bactérialuinfections
‘and the pnly:f;gquent virél pfobleﬁ was a reactivation of';e;;aiﬂ létent
Lﬁheg‘ﬂerpgs gype viruses
ngizinly thé,hecaanism of aptiéﬁ of Cyélésporhi7A‘woqid,lgad one to

viruses, most notably,Epétein—Barr,and

“r

expeCt a ’1owef‘ incidenéé of infections. thﬁt would use of standard

impunosuppressign. More  recent work with lower but still effective

doses of the agent seem tg have born out this expeétation(2285189);

Several workers have / demonstrated that CsA can be safely changed to
{
| . R
~standard immunosuppress#on in human renal transplantation or vice

|

|
|
|

(191) |
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ver:sa(189 173)3  The immunosuppressive effect of CsK“wéspfOund to be

"

synergistic with several other m%pications, notably azathioprine and?L
4 . % Mﬁ:‘ v

prednisone(zzg) Toxicity in combination with cyclephosphamide ‘o%

’ T

triple therapy with azathioprine, prednisone and CsA has been found to

~ be . excessive by some centres (230), Ringden et al found a high

incidence of gserious = ' infections in human renal transplant

recipiepts(231) but others could not document cumulative toxicitﬂ-with

&

CyA and elither prednisone or azathioprine in “ canine ﬁenal

7(

'transplants(193)

-

expected to accompany the synergistig effect when CsA 1s used with other

immunosuppressive agents, the Minnesota group has demonstrated that CsA

£an be safely combined withiprednisone or azathidprine and-prednisonev

b

for long periods(16}’228’225’52).

"‘\:

The results df/cyclosporin~in pancreatic transplantation have been

less dramatic, partly because of the inherent difficulties with the

‘technical aspects' of whole organ transplantation, and, also because of.

~problems in. achieving sufficient yields and adequate engraftment in

y,

islet mcdels.

~Garvey EE_g&i»achieved prolonged survivel of segmental allografts

in rats using a high dosége of CsA but were -unable to-: do better than a
' SRR T c '

slight improvement in survival ‘of -islets infused'.into the liver.

Similar results were obtained with allogeneic fetal pancreas implantedm

(232)

under the renal capéhle ) Rynasiewicz et ale achieved similar

results in rat segmental allografts and while they achieved some success

;with rat islet trnnsplantation across a minor histocompatiability

barrier, even with huge.doses they could not prevent rejection of islets

Although some degree of cumulative toxicity wouLd be
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transplanted across‘a ma jor barrier(233). Subsequent investigation by

»

these‘workers failed to achieve significant results in rat pancreatic
islet transplants (even with combinations of CsA with prednisone or
azathiop:ine) when a ﬁajor histoqompatability difference was involved,
unless toxic doses that resulted in eventual death of the animals were
used(228,229): Vialettes‘gg_gl: on the other hand, achieved significant
prolongation' of rat islefs_ ‘allotransplanted across - a ma jor
histocémpatability barrier and illustrated the occurrence of\succeséive
and\incomplete rejection‘episodes before définite rejection, a valuable
finding with refereﬁcg to clinical t?ansplantation(234).

Canine pancreatic transpiangafion has achieved similar mixed
‘results. McMaster, Proéysﬁyn, et. al. did not prolong norméglycemiélof

survival of dogs with 'segmental pancreatié traﬁsplants ' using

azathioprine and prednisone immunosuppression. 'CsA in doses of 18 and

© 25 mg/kg daily was able to achieve normoglycemia for means of>*18 and 55

days respectively, but not indefinitely(158). DuToit et al. at Oxford

achieved indefinite (>100 days)~ graft survial in °5 of 8 dogs with

segmental ‘allografts given a dose of 40 mg/day but only slight

prolongation of graft survival with 25vmg/kg/déy(235).
. 7 . «
Results with human pangreatic transplantation remain inferior to
O
4‘; w

those achieved with CsA* iin renal, hepatic, and even cardiac

»

gllotransplantation. Technical problems, espeggially vascular thrombosis

and exocrine enzyme leakage, still results in a large number of failures

and rejection destroys most of the technically successful grafts within °

the first year. of technically successful grafts reported to the
“Clin%cal Pancreas and Islet Transplant Registry only 26% of

azathioprine-prednisone treated grafts have functiqyed for 1 yeér.
. putiy P .
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Cyclosporip A has improved that figure only to 41% 1 year graft function

(56)

when technical failures are excluded rejection still causing most

of these 1osses(46).

Human islet transplants have been even less successful: of 116

k2

- attempts sihce 1970, none were functlioning as of June 1982(56) Only 4

were ever claimed to have had prélonged function,”and bnly one of these
153 ‘ - .
was well documented. The patient of Largiader and Knl? in Zurich who

vw
underwent an islet transplant and kidney transplant from a 4 yeda

cadaver donor and wastmaintained without insulin fot)19 months despike

recurrent acute rejection episodes. She was immunosuppressed

-

antilymphocyte serum, ‘a short course of’cyclophosphamide and maintenangce
azathioprine and prednisone, but ultimately rejected her kidney aq

became hyperglycemic end died 1 month 1ater(74).

2.

These poor results must be tempered somewhat: methods for isolating

BN

pancreatic islets have improved considerably from the small yields of

large particles available during these trials(79 80) and indeed many of
these 1islet transplants were not even immunosuppressed(73) Four cases

'

‘of ailotransplantation of cultured fetal pancreata immunosuppressed with
. CsA have been reported from 2 Australian centres, but no long term

~ function . was reported(56). No attempts at pancreatic - islet

2’

transplantation in humans utilizing Cyclosporin A 1mmuhosdppression have

been reported(56).

-
"y

Results in canine islet 'allotransplantation have been similarly

[

bleak thus far. Sutheriand' et al. were able to achieve only minor

‘prolongation of survival in 8 of 24 islet allografts with standard

azathioprine/prednisone immunosuppressiou(165), Kolb found no
. - N .
significant effect(lsg). .ggggit was ,unable to achieve normoglycemia

v
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postopefatively in' either noni nosuppressed gllografted dogs " or
allografted dogs immunosuppressed with CsA (25 mg/kg/day), despite
achlieving prolonged nérmoglycemia in autografted animals(236). Mahoney,
Merrell, et al. was unable to ‘prélong pancreaﬁicu islet  gl1ogfaft
sugvival in dogs despite using doses up to 40 mg/kg/day(237)1 ‘Williams
aéhieved normogiycemia for over 60 days in 2 of 4 dogs, treated with oral
CsA at a dose of 40 ng/kg/day.’ The dogs were littermates that were
campatible for tramsplant by seroloéical (dog lymphocyte antigen—DLA-
typing) apd cell mediated assays (mixed'lymphocyte~culture—MLC). When
CsA was administered orally at 25 mg/kg/day or ﬁhé@ non iiftermate dogs
(238),.

were allografted, euglycemia was not achileved

Sutherland has stated that a satisfigtory ~test 'of islet

W sen
M ¢

allografting must achieve normoglycemla for 2 days béf;re comment on
rejection can be made. This will énsure that satisfactory\engr;ftment
and function of the iélets'has been achieved in the host to allow a -fair
evaluation of immunosuppression to be carried out. No study of canine
islet allotranéplantatioh testing Cyclosporin A immuﬁosuppressioﬁ‘ has
consistenfiy achieved this goal., Several chéqges ain technique aﬂd

approach may help to do so:

1. The technique of Horaguchi and Merrell, esﬁéciélly as modified by

3 )

Warnock et al. has been shown to be supefior to earlier methods of

islet isolation(79’80)-

\

1
2. Transplantation by splenic venous reflux has been Qeqqﬁstrated to

. be more efffcient than direct éplenic'puncture(so).

A VN n R ) S AN
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Cyclosporin A as an oral-agent is absorbed less efficiently by some

patients and absorption of orally administeréQ/ CyA could be
/

"expected to be poor in theh perloperative period when total

A

pancreatectomy has been carried out. Intravenous administration in

the perioperative period should overcome any difficulty.

o

Monitoring of Cyclosporin A plasma levels should demonstrate
ingsufficient levels that could results in rejection or high levels

that could cause toxicity.

‘The major thrust of study of this project will be to optimize

conditions for canine pancreatic fragment allografting to allow a fair

. evaluation of the ability of Cyclosporin A at nontoxic doses o prevent

re jection of transplanted islets. ‘ 1 -
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IV MATERIALS & METHODS

Animals and Care

h53 conditioned outbred, unrelaged young adult dogs.(<2 yrs.) weigh%ng

15-25 kg and of varying breeds and crosses wgre studied. The i:imals
) ,I‘
were housed in the laige animal Vivarium of fhe Surgical-Médiéal
Research Institute at the University of Alberta. %hey were uﬁder the
care of the investigators with the assistance of the animal care étaff
and the advice of a veterina;ian, acéording to the; critétia of the
Canadian Council éﬁ Animal Care. ‘

The- animals were allowed unrestricted exercise twice daiiy and were
fedAa full diet of 360 g of meat (Dr. Ballard's) aﬁd 600 g %f Pow R Pac
Burger Bits. The dogs were fasted overnight, then under_ general
endotracheal anesthesia J underwent a total paﬁcreatectomyp
intraoperatiQely approx. 1000 ml of Ringer's .lactage' was givén
intravenously and hydration was maintained postoperatively wikh 1000 ml
of Ringer's lactate subcutaneously on the first post op day ;nd BOO ml
on the second. The animals were NPO on Day 1 post op, were éllowed'
water ad 1ib on Day 2, meat supplémented with 12 cépsules of cotazym
(Organon) on Day 3 and a full diet’supplemented with cotazym thereafter.

Dogs 15-20 kg received 3 ml of Pendistrep (Régar/STB; 600,000 TIU
procaine pencillin G and; 750 .mg dihydrostreptomycin ;ulfate) IM
preoperatively and 3 ml Def@%ﬁg«£ {Ayerst; 300,OOOVIU benzathine Pen G,
300,000 1IU procaine Pen G, 750 mg dihydrostreptomycin sulfate) IM on Day

1 post op.  Dogs 20-25 kg received 4 ml of each solution on the same

schedule. .

by




and resulted in a second laparotomy, 10 u of NPH insulin daily was given

subcutaneously exclusive of operating days and the animals were allowed

water on the first day after the transplantation wiﬁh meat and ful} diet
(each with Cotazym) on days 2 and 3 postop rgspectively.

Any dog that developed severe metabolic complications or other
incurable problems was sacrificed with an overdose of anesthetic. These
aﬁd all animals tﬁat died were autopsi;d to ascertain cause of death, to
insure completeness of ‘pancreatectomy and to obtain tissueu for
histology-

Pancreatectomy

After an overnight fast the animals were éiven 32 mg/kg sodium
pentobarbital, enhotracheally intubated, an  intravenous line
‘established, and the abdomen preppé; with a povidone-iodine ;olution. A
midline abdominal incision was made and the pancreas was mobilised with
preservation of iﬁs vascular supply. The L and R pancreatic ducts were
cannulated (PE96 and PE50 polyethylene tubing respectively), a sample
taken for insulih and amylase aésay and the gland removed with care to
avoid leaving any pancreatic remmants insitu. The gland was immediately
wéighed, then distended with 80 ml chilled Hanﬁs.balanced salt solution
(HBSS) immersed in cold ﬁﬁSS and transported on 1ice for {mmediate
processing. |

. . A ,

For apancreatic control  animals and those involving
cryopreservation and delayed transplant the abdomen was closed and the
animal ;eturned to fhe Vivgrium. For acute autotransplants and
allotransplants the anfLals were maintained under ‘anesthesia by an

assistant ‘until the processed pancreatic fragments were available for

transplantation. , ) : )
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Pancreatic Dispersed Fragment Preparation

1.

Digestion. Preparation was accomplished by a‘modification of the
method of Horaguchi and Merrell that had been developed by
Warnock et al. at this Institute(gb) (Fig. 1). The ductal system
of the gland was perfused with cold HBSS (10°C) for 10 min. The

perfusate was then changed to a 0.4% solution of collagenase

(Sigma Chemicals, St. Loulis, ‘gissouri; Type 1 lot #121F-0517)

prepared by‘adding 400 mg of collagenase powder to 100 ml HBSS,
then sterilized by passing through a 0.22 u filter.* Collagenase
digestion proceeded at approximately 30°C with a flow rate of 20
m}/min and a perfusion pressure that beganjat 250-400 mmHg and

fell progressively with digestion to 150-250 mmHg. Adequate

digestion was gauged by visual 1inspection of the gland,
&

_ achievement of a soft, mucoid consistency to the gland and easy

fragmentation of the acini with forceps.

Mincing. The digesﬁed gland was then divided in two and immersed

in an enzyme‘ stop solution of HBSS with 200 KIU Aprotinin

(Trasylol, Miles Pharmaceuticals, Rexdale, Ont.) 100 units K" Pen

‘G and 100 .pg Stréptomycin sulfate per ml. This solution was used

in all subsequént steps (unless otherwise indicated). The gland
was then minced with mechanical rotating blade for 90 sec.,

dﬁring which time large duct fragments were manually removed.

“Dissociation. The resulting suspension of pancreatic fragments

was further dissociated by vigorous shaking for 10 minutes in an
Evapo Mix shaking water bath at 0°C. The tissue was then
filtered through a 400 u screen with unfiltered tissue being

returned to the shaker twice before discarding the remaining
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T T
ducts,an

mn diameter was waahed“thrék times by cetttrifugat lon at 800 G, 450
o

-G, and 450,G, aspiration &;Wthe suﬁ}indtant and resuspension of

the pellet. Samples of - .th fingl’ post isolag} pellet were
LWy o

taken for insulin and ammlase“a ay and histology. - The pellet

was then resuspended witb cold HBSS to total 30 ml and placed on

RY

{%e for acute transplantation or resuspended in a tissue culture 4
media at room temperature for cryopreservation.
Processing lasted approximately 2.5 hours. Most steps were -
e

carried out in a laminar flow hood and attention to ‘aseptic

technique was maintained throughout Rrocessing.

Cryopreservation (Fig. 2)

Following isolation the final pellet was resuspended in an equal
volume of room temperature (22°C) Medium 199 (Gibco, Grand Island, N.Y)»
with 10% fetal calf serum (fcs), 2% Aprotinin, and 0.4% PenG -and

Streptomycin (as added to HBSS). A third equal vol. of 2 M dimethylﬂﬁ .

~

; 3
sulfoxide (MeZSO) in the same Medium 199 mixture referred to above was

B ’ 5
’ ¢ . 3

then added to the Erlenmeyer flask which was gently swirled in a water R

»

bath at 25°C for 5 min. Another ‘vol. of 2M (MeZSO) solution was. then )
: . &,P

added and shaking continued for 25 min. Four volumes of 3M Me280 soln,.

were added (final Me,SO concn, . in islet bearing solns was 2ZM) folloWed*} §on
: :.*jsu

by shaking at 25°C'for 15 min., then cooling to 0°C while'shakidg'for ai

N Lo

’

sfurther 5 min (the first 8 were not cooled to 0°C). ' ‘; S P

The tissue suspension (0.5 ml tissue in 4 ml suspension) was then
' . R Lo
aliquoted to 16 x 125 mm glass KIMAX test tubes while kept on ice. The
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TOTAL PANCREATECTOMY AND GRAFT PREPARATION

|

DIMETHYL SULFOXIDE (Me,50) ADDED STEP WISE

0.66M Me,SO
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’
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10 MIN TO RELEASE LATENT
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STIRRER
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S min 25 iR — .
-~ 25°C .
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R
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14
-754¢ v
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, .
° %¢:~4 . ’
TRANSFER TO LIQUID NITROGEN (-196°C} POR STORAGE

FIGURE 2.

%

CRYOPRESERVATION PROCEDURE.
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tubes. were capped in the laminar flow—hood; then transferred to an

Ethanol bAth at -7.2°GC to supercool for 5 min. To prevenyh and

rapid temperature swings with freezing, the tissue was then nuc. Ed by

contacting the dube with a cold brass’ rod (first 8) or copper tubing

through which 1liquid nitrogen (NZ) was pumped by an FTS circulating

N
fusion, then the tubes were transferred to evacuated Dewar's filled with
A
ethanol and surrounded by liquid N2 fe#dcooling at 0.25 C/min. %When the

{
tissue reached -75° C it was plunged into liquid_Nz (-196°C) for storage.

l

“Thawing Procedure (Fig 3)

. S
" Tissue was thawed by standing well separated in racks in room air

I -

(3 5°C7min)' Supernatant was aspirated after centrifugation (450 G) and

pump.“ Fifteen minutes were allowed for releaSe of - the latent heat of

L

5 ml, ‘of. 0. 75 M Sucrose in the ‘Medium 199 solutiOn was added per ml of

?

; initial tissue frozen (2.5 mi per 0.5 ml pancreatic fragments in each:

- . , @& W ¥
'tube) to remove remaining_ intracellular Me250 from the pancreatic

fragments. This solution was agitated at 0 C for 30 min.u The sucrose

. U was d&luted serially at 25°C in 5 minute steps with 1, 1, 2, and 4
s v

volumes of Medium 199 solution while shaking  at 22°8. The mixture was

@

centrifuged ' the pellet washed, spun, anT' resuspended to 30, ml with

4',% Medium 199 solution for transplanting . ; . < e

e Transplantation A ; R ST ) ,
». - .,a P i B }

After redr%ping in acutely transplanted animals on after reOpeningr

.
TR Cowr Lo - e

' the abdomen in deiayed tranSplants, the spleen was delivered thTOugh ‘the ’

w

P F wound and ontg _the abdominal wall.‘_ Two “hilar splenic veins were

oo

& isolated and cannulated with ‘PE90 tubing The ‘Sp.lenic Pedi‘:le was '

A.l". 0

-t
.

clamped @nd the islet containing solutfon refluxed up the veins and indqb.

! -
K

the sinusdidal spaces by‘slow hand inJection. The clamps vere removed'

2 . A SR .
T SR
B B : ' ‘n 3 ) ' . e L
N N . . N v . . ' s . .
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o

from the splenic pedi¢le 5 minutes after reflux, the épleen returned to
& .

the abdomen and the wound ciosed. o
For portal inf sion; a mesenteric venous rédical was isolated'aﬁd
cannulated‘ with PETO tubing which was advanced‘ to the junction of
splenic gnd'superior mesép;efic veins. A 3-way stopcock was attéched to
a manometer tolallqw moniforing of portal venous pressure. The islet
., solution was brbught to total 60 ml after additio? of - 100,000 units of
vaprotinin aﬁ& 6OQ unité of heparin. infusion wgé by 5 ﬁl aliquots over

5 minute periods interspersed by waiting 5-10 ° minutes for portal

pressure to stabilize. Infusion lasted about 2 hours.

" Experimental Design _ _ ' " : ,/'

A. Control Groups' -

H 1. Apancreatic Controls (n=7) o

‘Observation followed pancreatectomy’ in these animals. Sacrifice‘was

L1

merforme&ﬂwhen weight loss exceeded 20% of body weight or weaknéss////<4~\

preveated normal ambulation.

o

?2. Acute Ahtbtxansplantétioqg(&T6) : ..'- . .

. B
N N
A : -

The diSperBédfpanéreggic fragmént solution was autotrapsplanted by

.splenic venous reflux'immé&ihfgiy fol;owiﬁg tissue proces'éing.l

. ) . . R

“B. Altarnate‘Ixansglaggation Sites . -
‘".:\ ~u - - . .v ) ~ .
3. Portal Infusion (n=2)

'Thekislet cbntaining fragments were " transplanted into the- portal

venous system via cannualtion of a mesenteric’ venous radical.
N - ' an] RO A _ I _

i E]
Ay

v

- ) . v . . 4 . ) S . hY
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C. Studies of Allotransplantation and Immiunosuppression

4, Acute Allotransplantation (n-6?>

Fresh allografts yeré\ performed and no immunosuppression
o s

. Ve . b i
administered. o

o

3

5. Aciite Allotransplantation with Azathioprine and Prednisone (n=6)

'‘Azathioprine (Imuran, Wellcome) 3 mg/kg and prednisone 2 mg/kg
weré administéredv‘orélly .the day prior to surgery and from the
second ﬁpoStoper;tive day oﬁ&aréq. Intraven0us azathioprine and
methyiprednisolone sodium succinate (Solumedrol, Upjohn) in the same

dosages were given on the day of‘surgerxiand the first postoperative

day.

o

’

6. Acute AllotfénSplantatiqn with Cyclospdrin A (n=8)

a. CsA by month

"2 animals received CsA oral drinking solution (Sandimmune, Sandoz
B : N ’ Ve

Ltd., Basel, Switzerland) 25 mg/kg (in olive. oil) once dail§‘

v

beginning 1 day prior to transplant.
- . ‘
‘b. CsA parenterally, then orally

-~ s

~ "6 animals received CsA oral drinking solution 25 mg/kg p.o. the
to surgery and from the second postransplant day
L v LR B . .

. onwards. Perioperatively, 'CsA solubilized in 'ﬁéﬁfﬁﬁw-zﬁiin'

triglyceride oil (MCT o011, Mead'Johnson, Belleville, Ontario)
. b N

day prior

and absolute ethanol was administered 12.5 ng/kg twice daily by

- Intravenous, bolus injection.
o ‘ 8

P. Studies of Islet Storage R ‘ . :



, v "'X”
g ’ o
’ /

7. - Autotransplantation following Cyropreservation (anZ)

o a

12 doga recelved autotransplants of 1slet bearing pancreatic

fragments after cryopreservation storage for 1 to 3 days.

8. Allotransplantation following Cryopreservation (n=6).

Allotransplantation followed storage in liquid N, for 1 to 2 days.

.

Biochemical Analysis

Plasma Sampling: i ’ L ‘
1. Fasting ~plasma levels . of glucose and lnsulin were obtailned

. -
preoperatively, then daily for 3-7 days pestoperatively, weekly

<Q

«. ' thereafter. : . . o .
. “‘;’f‘ ) ‘ .n B .
In allotransplanted‘%gi-' ’ n&mals, .rejection was defined as the day of

,g-}‘onstet of permanent hyperglycemia with a4 blood glucose of > 150
» ¥

§ ) R ) i . . ' : -
&"‘3 8 fqﬂ . . i o o :

L s
2. Serum. glutarﬁc oxalggetic ttansaminase?y&SGOT), alkaline phosphatase
Y :
(alk phos), creatinine and bilirubin were obtained preoperatively
’ ~

and 1-2 times weekly postop.ﬂ S
7

3, " Intravenous glucose tolerance tesw(IV GTT) u’éing 0 5 mg/kg.

3

B
glucose were. performed preoperatively and on a monthly basis

spostoperatively. K values (percent decline blood giucose peEm
7 ‘s.

minute) were determined fr‘om the 5, 10 15 and 30 min’ samples by the

 method of Moorehouse_(250). A nondiabetic K value 1s > 1. OZ per

" minute decline in blood glucose. ‘ :

”

-

4. Serum levels of CsA were detel;mined daily from the onset of v

B

it



adninistration for the firgt 2 weeks, then 3 times weekly.
[ ‘ J “ﬁ’. .
Analysis; S .

1. Blood glucose was measured by the gluéose oxidase method on a
~ jpeckman’ glucose énalyser.

2. Plasma immﬁnoreactiQe ‘ingulin (IRI) was deﬁermined by double-

antibody ?adioimmunqéssay;céingDporcine'insulin»staﬁaards (Wellcome

Reagents Ltd.)(261),

AR
AL

3. - SGOT, alk phos, bilirubin ;ﬁﬁ Creatinine were measured by enzymatic

! ’

methods on a Beckman Trace III analyzer.

4, Serum CsA was measured By single antibody method using test kité

doz‘(Cyclosporin RIA-kit). .
e ‘ ‘ : @%ﬁ;g

;tissue were fixed in Bouin's fixative. Sections of transplanted spleen
s . . . . Lo . fq
. o

« 2 N
_and liver were fixed in 10% formalin. Tmmunocytochemical stainifig was

-

performed through the courtesy of Dr. L. JewelI(262),

Py o i

Samples of other tissues obtained at. necropsy were fixed in 107

fofmalin and’ stained wi;h;hematoxilin and eosin.

’

, : 2
Sgptistical Analysis

o v
SE nless otherwise stated.

e

'All results were exﬁressedj mean
Analyses were with Student's t ¢

t for unpaii-éd data.

™

-
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A." Control Gtoups

At

1. ApancreaticwControls»(n=79

zbne- animal died ~of a duodenal perforation on the fourth

)

postoperative day and wae ‘(cluded from furthrer study. Plasma glucose
" levels reached 351114 mg/dl by thé' fi,;st post0per’dti$e day and remained

elevated until death at 6 O:bO 5 day«é\} (Fig 4 Table l) : Peripheral

8 g
r

plasma insulin 1levels remained below as.say f"ﬁ angltivity (l m unit/L)

3 + K ' * i 'ﬂ ’\4 ’a%@
throughout follow—up (Fig. 5) K values 3 days po}gtqperativelg;%&ere
' . Ty q R‘u 4 .

Q&tO .13% (n=3),. compared to 2. 61&0 33% preoperativeiy (Table 2). AlY

\%‘\imals lost weight steadily from pancreatectomy to death, loss was

#

0:5%0.12 kg daily (Table 3). v . o - &
Autopsy confirmed the oomplete absence of residual ~in  situ

pancreatic tissae in this group and all other animals in this study.

L e

.

2. Acute Intrasplenic Autotramsplantation (n=6)u

e

All freshly’autotran'splanted animals were normoglycemic on day 1

post-— op,' mean p]ﬁma glucose was ’i-j:l& W4 m‘”& wa mild (<140

ng/dl) transient (0—10 days) rise in plasma glucose all remained
"normoglycemic for >15 months (Fig. 4). Fasting peripheral plasma

insulin levels remained unchanged from pre—op %s for 3 weeks after .

transplantation" then fell to approximately ‘,"‘hﬁp‘rev—op ‘ values. ’I‘hey

) subsequently clihibed back to ';values ‘not sign,ificantly'v different from . -

preoperativé .values by 12 months ,follow up and remained so until > 18

L o - i s : ’ S T

; . R . \
- T _ 73 :
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200r
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Preopt 2 3 1 2 3 1 2 3 6 9 12 15 18 27-33
Days’ . Weeks Months Post Transplant '
' - v
N s ‘fn" ‘,'
‘ IR
FIGURE 4. FASTING PLASMA GLUCOSE: - , :%r
apancreatic control, n=6 (A— - — A); R . ,
acute autotransplant, n=6 to 3 months,” n=5 at 4-14 months, n=z4
thereafter (@—@); 7 o '
- autotransplant post cryopreservation, (Group 7) n=4 to 18 months, n=2 :at
27-33 months (m-—— —um). . ‘ _ T
N ' .
- <> o
’ ) h ‘
. L k)
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16 : N

14F

[e2]
T

Plasma Insulin (mU/L)
[0+]

!l 1 , ) L ) ' 1 ‘ |
t 23123 -6 9 12 15 18 27
Days Weeks ‘Months Post Transplant 33

3

b,

’*\\

FIGURE 5. -FASTING PLASMA INSULIN:

apancreatic control, n=6 (& —- —A); ‘

acute autotransplant, un=6 to 3 months, n=5 at 414 months, 0=4
thereafter (&————@); ' ‘ ' ‘
autotransplant post cryopreservation, (Group 7) n=4 to 18 months, n=2 at
27533 months (B———— W). = )
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CsA

i

"
&

5.

Table 2: Intravenous Glucose Tolerance Test K Values
(% decline glucose/min; Mean % SEM)

Grohp ¥ Pre-op Postop Time
. D)
Non-operated Control 3.26+0.13

(n=66)
Apancreatic Control 2.61+0.33 0.61£0.13 3 days

(n=6) ~ (n=3)
Autotransplant 2.8%‘0.64 1.30+0.12 1 month

(n=6) 1.6740.12 3 "

1.5540.25% 6
- 1.10+0.26 12
- 1.51%0.24%% - 18
Cryopreserved o
Autotransplant 4.07+£0.66 1.5940.17 1 month
(n=4) . 2.0610.08 . 2 "
2.09+0.32 3
1.66+0.32 6
1.5610.26 12
R - 1.51(n=1) 27
, v . T
-
Allotransplant: . 3.3630.44 — —
Non immunosuppressed == Bl T B g

(n=6)

. . . , |
Allotransplant: 3.36+0.51 _— / —
Aza/Pred (\

(n=6) . :

o * o > B
.'Allotransplant: y  3.06+0.34 1.%%;0.21 3 aeeks i

g

*n=4, 1 death at & months due to bowel
*n=4, second animal sacrificed at 15 moriths (Hiabetic)

T ‘
obstrg;tion, 1 value unavailable

Py

¢
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’ ~ oo e . L
- normal insulin levels at the t acrifice. B

. preop values (Tables 2,4).}

81

months (Fig. 5). Five of 6 dogs‘Survived over -15 months with the single
. ; .

early death being due. to a bewel obstructionl»et 4 nerths post

‘transplant. One animal began losipg Weight rapidly at 14 months, was
diabetic on IV GTT at 15 months (K=0. 31) and vas sacrificed. The

remaining 4 animals“yere sacrifiged fo;lowing their use in metabolic

teating at 20 monthe' post trenpN. All 'lv!r_;wene normoglycemic with

k. »

A

K values on intravenous® we tolerance testing were all in the

9 ,

non diabetic range at all »p ds to 9 months althongh reduced from

P

2 animal‘%egan showing diabetic K values
e .

on IV GIT at 9 months althoughhremaining normoglycemic and surviving to
18 months. The remaining 3 animals had nondiabetic K values f6?f$’33;7/
nonths (throughout follow up) (Fig.8, Tables 2,4). Beripheral‘insulin
levels rose following glucose injection but not to the degree seen

preoperatively (Fig. 9, TaBle 5).

All animals lost weight for the initial 1 to 2 ‘months post

‘eransplant, mean loss being 2.57+0.62 kg, or about. 132 of body,.weight.

«4¥

Subsequently, '1 animal continued to lose' weight slowly (0.5 kg/mo}; 2
animals lost weight up to 5 months post-op, thenHStdbilized and'began
slow.tegaining weight, and the remaining 2 weighed mo:e at sacrifice
than preoperatively, mean weight change was -l 3% 2.7 kg (Table 3, 7

Fig. 6, 7). 1 Dog CASA weighed 2.9 kg ‘more at 10 mbﬁ/hs than
.preoperﬂtiveﬁy, this being due to growth in body size of - this adolescent

N E) RS

dog, nqt»aimply increase in adipose tissue. - - .
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FIGURE 8. INTRAVENOUS GLUCOSE TOLERANCE TEST, PLASMA GLUCOSE: '

preoperative cdntrol, n=66 ,"(A-—--—- -A); k o |
acute autotransplant 18 month follow-up, n=4 (o——e);

autotransplant “post cryopreservation (Group 7) 12 month follow-up, n=4
(M- =— ~m). - Co
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FIGURE 6. EARLY POST-TRANSPLANT WEIGHT LOSS:

' acute autotransplant, n=6 (._“_‘)\;
‘ autotransplant post cryopreservation, n=4 (w— — -a);
nonimmunosuppressed allotransplant, n=6 (o — - —— 4);
allotransplant with azathioprine - prednisone, n=6 (0—-~- —-
allotransplant with cyclos{porinf A, n=6 (@---.---0D).
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B. Alternate Transplantatiop Sites ! .

]
A

3. Intfapertal Autotransplantation (n=2) A

In the first animal, the entire pellet (17 ml) .was transplanted in

a4

55 ml total shepensiog over 65 minutes. A gradual but steady increase:

»
Lo

in portal;pressure.occurred from a baseline pf 4.5 cm HpO, reaching a
maximum pressure of 33 cm water and falling to 19 cm water within 40
minuteé of the end of infusion. This ;nimal was normoglycemicbfor 2
days, became hyperglycemic (plasma glucose 166 mg/dl) on day 3 and by
day 6 the glasma glucose had reached 512 mg/dl. Peripheral faeting

plasma insulin levels were normal for 6 days, but then dropped gradually

to insignificant levels by 3 weeks post-transplaﬁt. The animal was

sacrificed at day 37. N

.In the second dog the portal pressure hadkreached 39.5 cm water
when only half tﬁe 20 ml of pellet had been infused (30 ml of total 60
ml solution) Despite slowing the infusion and stopping intermittently,
only 75% of the- graft could be infused. The last 5 ml aliquout caused
an abrupt rige 1in portal pressure to 56 cm water which had only

decreased to 47 cm at closure 20. minutes later. This animal died 12

hours post-operatively and at autopsy/was found to have total portal .

%

veilnous thrombosis.

.

C. Studies of Allotransplantatien and Immunosuppression

4. Allotransplantation without Immunosuppression (n=6)

[

B . 4
Normoglycemia was achleved in all 6 Qnimals post—-operatively (mean

84411 u@/dl)'with plasma glucose results paralleling autotransplanted

s

=S
~_
»
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animals fqguthe first 3 days (Fig. 10). Rejection occurred at 5.0+0.6

: y/
days poatltransplant and survival was 16.043.4 days (Table 1).

Peripheral plaség insulin levels remained within normal&limits‘for 4

1
‘

‘days, then plummetted with rejection on  day 5 (Fig. 11).

¥

.animmunbsuppressed allotransplanted dogs lost weight at a rate of 0.24

kg/day for the initial 4 post operative days (full diet restored on day

-

4), and at a rate of 0.27 kg/day from days 5 to 9 when feedings had been

restored (but rejection had occurred in most animals). WMean welght loss

was 0.26+0.03 kg/day over the first 9 postoperative days (Table 3,

Figure 6).

~ e Wy

sk S .
The 61@&@3&;\ghwals in this gro;F suffered episod?s of tachycardia,
! ifr‘ “‘i\? = i'h? “‘ Nouu ™ . A

hypotension and tébpiratory artegby - gfter receiving their splenic
venous reflux ‘grafts. Both were resuscitated successfully with
parenteral fluids and artificial ventilation. Subsequent dogs were

.

preloaded with 1060—1500 ml Ringer's lactate 1intravenously, prior to

transplantation, and no further difficulties were encountered.

K]

5. Allotransplantation witﬁ\Azéthioprine-Prednisone Immunosuppression

Four of 6 animals were normoglycemic the first postoperative day, ~~—

the other 2 had plasma glucose levels of 155 and 164 mg/dl.
Hyperglycemia occurred 1.8%0.3 days aftéq transplantation .and survival

was 13.5%+1.4 days (Fig. 12,13, Table 1). Peripheral plasma insulin
QWN"\ A

~

levels fell to abnormally low 1levels (<2 mU/L) 8.2¢0.6 days post’

transplant, 6.5 days after hyperglycemia had occurred. Weight loss

averaged 0.79%0.07 kg/day over the f;rst+9 post operative days, being
1.0 kg/day duri;g the initial 4 days, than slowing to 0.61 kg/day for

the next 5 (Table 3, Fig. 6).

1
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FIGURE 10: POST TRANSPLANT PLASMA GLUCOSE:

apancreatic coantrol, u=6 (v — — v);

acute autotransplant, n=6 (@——8);

nonimmunosuppressed allotransplant, n=6 (A— - ——a4);
allotransple}nt with azathioprine - prednisone, n=6 (O-—-——
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FIGURE 11. POST TRANSPLANT PLASMA INSULIN:

apancreatic¢ control, n=6 (v— - — v);

acute autotransplant, n=6 (&———e); e
nonimmunoguppressed allotransplant, n=6 (4 — - —A);
allotransplant with azathioprine - prednisone, n=6 (O— — — - 0);
allotransplant with cyclosporin A, n=6 (g-------0).
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One animal died of pneumonia 8 days post transplant. Three dogs

o,
developed wound. infections and another a superfﬁgial wouxg dehiscence.
None had cleared before death.

S,
6. Allotransplantation with Cyclosporin A (CsA) Immunosuppression
a. Pllot Group - oral CsA (n=2) ” '
The first animal rejec;ed on the third posto%erative day, secreted
insulin 1in measurable amounts for 9 days, and was sacrificed at 26
N
days. An unsuspected purulent wound infectfon was found at autopsy.
The second éog rejected on the twelfth‘day after transplantatfon and

» qeased produéing measureéble amounts of 1insulin on day 13. He‘ was

sacfificéd at 33 days. ‘

b. Oral aqa Parenteral CsA (n=6)

, P

Mean plasma glucogzyon the first post ransplant day was 105%+2.7

mg/dl.' All dogs were\ normoglycemic for the first 3 dafs post
— ,

transplant. Plasma 'glucose levels then rose for periodsffromls to 11
days with 5 o} 6 dogs bécoming franklyrhygerglycemic (b.g > 150 mg/dl)
(Fig. 14). lOne animal did not return to normoglycemia before rejecting
his graft, but the remaining 5 dogs all returned to normel P%3§~“\

glucose levels for variable times before ultimately rejecting. The
onset of permanent hyperglycemia (rejection) was at 19.3%5.6 days post
transplant and survival was 33.334.6 days (Table 1, Fig. 12;13).
Periéheral plasma insulin levels d??;%ed abruptly within 1 to 2 days of
the onset of rejection as éauged by hyperglycemia (Table 1). IV GTT's

were obtained on the 2 animals who remained normoglycemic at 3 weeks

following . transplant. K values averaged 1.(1f9,21% (Table 2). Mean
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serum .. CsA levels for‘ the first 7 days then for. the f@emaining

normoglycemic dogs‘up to 41 days post transplant are, shown inJTable 6.

Dogs 1n ;his group lost 0.30 - kg/ ay up to the resu?ption of full
feeding on day 4; weight loss then sldwed considerably’to 0.11 kg/day
from days 5 fo 9.  Average daily weight loss over the first 9 days-'was
0.20£0.04 kg/day (Table 3, Fig! 6). AlL 5 dogs that had not rejected

their grafts by the time full feeds were resumeq%on day 4 subsequently
’ . a . .
regained some portion of this lost weight, wipﬁ gains of up to 0.5 kg :

over a 10 day period. ) ‘ /!

One animal developed an intussusceptfbn requiring laparotomy and
: /
small bowel resection on the second day £ollowing tranpslant. He healed

his wounds rapidly, took feedings ravenously 4 days “after bowel

resection, gained weight and continued normoglycemic until reJection on
E4

day 17.. The daily dose of CsA 25 mg/kg was never altered except for

intravenous administrdation in the perioperative peridds. o

Iy

IQ .

"

‘Laboratory analysis of drug toxicity

J .
/ -
7

1. Elevation of serum/’creatinine' levels was sporadic and evenly

+

distributed thrqugh all treatment groups (Fig. 15). '5 -
2. Increase in SGQT/and alkaline phosphatase were‘seen in most nnimaln

in the firsg//few weeks postoperatively. Alqp0ugh CsA treatedl

animals shgded a tendency to higher aikaline pho;phatase levels,

/ ' o o
the diffeéencgs in alk phos reached statistical significance on -« ¢
only one day in the post operativé period.(Fig. 16) whilelleVeis of
- 8GOT wére ne&er significantly different. | - |

3. Leucocyte counts in azathioprine/prednisone treaged animais showed

o P
-no significant decreases during theapy. oy
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FIGURE 15. SERUM CREATININE:
fresh autbtranSplanC, n=6 (0—-——————0); 5
allotransplant without immunosuppression, n=6 (A—  —a); o
allotransplant with azathioprine/prednisone, n=6 (0= -—---0);

allotransplant with CsA, n=6 (O-:-+--:+-- o).
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" FIGURE 16. SERUM AIXALINE PHOSPHATASE:

- fresh autot®ansplant, n=6. (6——@);
allotransplant without immunosuppression, n=6 (A—.— 4);
allotransplant with CsA, n=6 (O----.-:-0).
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Q

D. Studies of Islet Storage by Cryopreservation

2

P

} -
7. Autotransplantation following Cryopreservation
‘ BT T
a. Early animals - all DMSO\eQﬁﬁgﬁre at 25°C (n=8)

Technical errors occurred dﬁ%@ngw~cryopréservation in 2 animals.
During Me,SO permeation in C%39, temperature increased to 40°C for 10-15
minutes; insufficient MeZSO was added in a subsequent step and then

"insufficient sucrose during thawing.. C479 was thawed at 2.2°C/minﬁte.

! .

Neither animal . was ' normoglycemlc posﬁoperatively' and both were
. N . A ) . : ¥
sacrificed at an ealy date. - C434 was hyperglycemic immediately after

transplantation, never exhibited significant fasting peripheral plasma

a .
insulin levels and died 8 days after transplant. C513 was normoglycemic
' ! o &

for a_ sﬁorﬁ period foliowing transplant bﬁt ﬁad . low and sfeadily
decreasing insulin levels"léadihg to sacrifice on day* 18. €511 wa;
hyperglycemic the figét postop day. despite normal to high fasting
peripheral plasﬁa insulin leVels. vHis plasmh glucose levelivdropped
steadily from 306 mg/dl.to i22 mg/dl by 3 weeks post transplant when

glucose rose dramatically and insulin levelé fell, leading to eﬁéciation

i

.and sacrifice 67 days post transplant. C427° was nor;oglycemic for 10
days but subsequently experienced a gfadual rise in plasma glucose and a

decrease in insulin levels. He was sagrificgdvfprlhiétologipal analysis
while still ﬁealthy at 44 days. '.f¥'\-il'df’1~l;.:5ﬁ‘

! 5 S

Thus 4 animals of this 1ﬁit;al group*werejphsﬁcéesé§ul?aﬁd 2 were

_partial successes with periods, of normoglyCEmiQ vfiom 1- 7 kdays,
X ( . I
borderline glucose values for 3 weeks but subsequehtvhyperglycemia and

fall in insulin levels.

!

The other 2 animals in this group have been long term successes.

©
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Initial postoperative normoglycemia was followed by a short peribd (1 to.
4 dayg)‘of hyperglycemia, then by normoglycemia that has pérsiéted for

over 12 months. ﬁeripheral serum insulin levels\have been low in these

¥

animals and have not.shbwn‘large increases wit& glucose 1infusion. ¢ K
values havé{reméined nondiabetic for 18 months in one animal that was
subsequently sacrificed during metabolic studies. K:e second dog became

diabetic at 13 months and was sacrificed. _— .

b. Final Cryopreéervation Protocol (n=4) (see page 66)

. ) ¢ .
All 4 animals of the final group to receive feren thawed ifet

_ v
transplants were normog}ycemic on the first postoperative day, mea
plasma glucose Seing ll7£5f9 mg/dl. Thereafte;, 1 animal remained
no:moglyc;mic throﬁgéoﬁt, 2 had transiént gdays 3 to 7) and minimal
(< 140 ﬁh/dl) elevations in plasma glucose, "and .the fourth was
hfperglycemicw for 10 ‘days before séttling to ‘normal plasma glucose

levels (Fig. 4). Fasting peripherai plasma 1insulin 1levels remained
nérmal for 3 week; post t'qnspla;t, fell somewhat for 3 months, then
returned to preop levels fo;lthe remainder of follow up (Fig. 5).

Mean weight loss by 1 month post op in these animals Qas 2.15 kg_or
‘10.42 pf body°weight; Two agiméls had slow but continuing weight loss
'for 2 fd}ther months, then stabilized in weight. The other 2 dogs began
regaining lost weightl‘after 1 month follow up and were - heavier at

] , .
sacrifice, than prior to transplant. Mean oveiﬁll &éight cﬁange at 1
‘year was -1-3*1.6 kg (Table 7, Fig. 7).

Three animals were s;crificed'dhring metabolic studies at 15, 17
~and \18 months pdét transplant (éil normoglycemic), and the fourth
remains alive at 27 months with a fasting bloodﬂglucose of 94 mg?dl and

a K value of 1.51 (Table 2).



K values of all animals were non diabetic at 6 months with 3 of 4
ﬁon diabetic at 12 months and a mean K at 12 moqth% of 1.56+0.26 (Tahle”
2). Insuiin response tg glucose infusion was again blunted from pre ép
levels but not so markedly so as 1in acutéiy autotransplanted animals
(Fig. 9, Table Fxf

8. Allotransplantation'folla?ing Cryopreservation:

Three of ‘.6 dogs were hyperglycemic ﬁhe day following
transplantation with plasma glucose levéls befweeﬁ 150 mg/dl and 200
mg/dl. TFasting peripheral plasma insulin levels in all 3 weré 2 2m U/L
for 5 to 6 daysﬁ , Sacrifice wyg at: 14, 15 and 18 days following
transplantation.

fhe other 3 animals wgre‘normoglycemig the ﬁay following “surgery

and rejected their grafts 4, 5 and 12ldays after‘transplant. Insulin

was measurable in peripheral plasma at levels > 2m U/L for 5, 25 and 11 -

_days respectively and survivals in these dogs were, for 18, 58, and 18

. a LJ; 2
. .j . ° ' o

L e

days.

| Mean time to hyperglycemia 1in the entirel:group of 6 dogs was
4,2+1.8 days, and in the 3 animals with a heriod of normél plasma
glucose, rejection occurred at 7.0+2.2 . Mean period during which ? 2m

U/L. of 1insulin were present ian peripheral blood was 9.5t4 .0 days.

Survival averaged 23.716.9 days (Table 1).
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"VI DISCUSSION

A. Control Animals ‘Ah
1. Apancreatic Control

The rapid onset of marked hyperglybeﬁia ind weight loss in
conjunction with unrecordable peripheral plasma 1ﬁsulin levels and the
rapid death of all apancreatic dogs graphically points out‘the severity
of this model of diabetes. No animal in any study group was found at
aﬁtopsy to have any. remnant of insitu pancreas. Six animals

L
transplanted with cryopreserved tissue were sampled between

O
{

. . k;\ )
pancreatectomy and delayed transplant (following cryopreservation) and

all had 1nsulin levels below assay sensitivity (< 1 munit/L). The
reliability and severity of this model of insulin dependent diabetes

mellitus makes it ideal as a control for transplant studles.
2. Intrasplenic Autottansplantation

. The results confirmed the findings of Warnock Eﬁwfl:(go) with the

«

feliability of this model of pancreatic -’ dispersed fragment
*
autotransplantation by splenic venous reflux. All 6 animals
autotransplanted by this metﬁod have been normbg}ycemic'on the first
postoperativeﬁday and & of 5 remained normoglycemic throughout > 18
months follow up (Fig. 1). Five of 6  animals have survived for
prolonged periods (> 12 months), with the only. eatly death being due to
a complication of laparotomy - aasbowel obstruction due to postoperatigﬁ
adhesions. One dog became 41abet}c 13 months postoperatively and was
sacrificed.

)

Animals transplanted using previous methods of preparation \and

transplantation have often required a number of days to return to

104



normoglycemia  after transplaht(23é). Two factors have  been
impiicated. Enzymatic digestion, and probably high speed centrifugation
as we11: damages cells(zao)- CellLlar repalr must be completed before
ééequaﬁe carbohydrate homeostasish can be effected by the trangplanted
cells. Alternahiyely or additivelx, transplantation into a sinusoidél
space such as ogcuxé‘with intrapulgtinjeétion iﬁto the spleen could not

! . .
be expected to;achieVe optimal metabolic results until the implanted

endocrine cells;.could ~$e revascularized. These new vessels would

ent conduit for both presenting alterations in serum

provide an efﬁséf
ot

glucose leVel;% 

@

d‘ other influences to the endocrine cells, and for

ed insulin, glucagon and other hormone products to
b .

&
Splenic venou&*@%flux places the endocrine cells directly in the

vascular space, where hormonél products will immediately be -effective in
cgrbohydrate homeostasis. This obviates any ,need for exogenous insulin
following traﬂsplantation, and the more optimal metabolic environment
may aid in more efficient engraftment éfz early function(241); with. less

¥

strain on endocrine cells to. combat ,hyperglycemia in the early
postoperative period. ’
& The lack of hyperglycemia at any time following transplant also

makes evaluation of altefnate applications of the technique much

simpler. The results of aliotransplahtation or of methods of storage

would not be easily compared if periods of hyperglycemia could be the
fault of the basic model. The teliability of the model 1is also
advantagenouslin this regard. %
Previous studies of pancreatic autotranspladtation after total

pancreatectomy have documented slow but continuing weight 1loss after

k. J
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.transplant, despite normal fasting blood glucose levels

‘to normalize digestlon was responsible

(72). It has

been suggested that inability of exogenous pancreatic enzyme supplements
(73). Our studles suggest

otherwise. After an initial weight loss of about 13% body weight over 1

to 2 months, 4 of 5 surviiing autotransplanted animals subsequently

¥

) ]
gained welght (Fig.7, Table 7). Indeed, 2 animals weighed more at.

.

sacrifice than they did preoi?ratively. It seems that a succesgful

pancreatic dispersed fragmént éranaplant can not only“fprevent welght
loss, but can actuélly support considerable wéight galn. C454 weighed
2.9 kg more at sacrifice than pretransplant, a total gain of 3.7 kg over
his weight 1 month postoperatively. Tﬁis pattern of welght loss over a

period of 1 to 2 months followed by subsequent weight gain suggésts a

period of accommodation of the‘éqimal for the "neo pancreas”, This may

Ainvolve simply the complete vascularization of the graft, or indeed may

reflect the time needed for metabolic;accommodation to the lower insulin
reserve avallable, or perhaps reflects other changes such as

reinnervation of the transplanted islets rendering them more efficient

in response to a glucose load. The improvement in IV GTIT K values from

the early postoperative period (1 month) to 3 months postop may well

reflect the same phenomenon (Table 1).

One problem with this model however, has been the consistently low

insul;n response to gluéose 1nfusion wben compared to preoperative
studies (Fig. 9, Table . 5). Although transplanted dogs remain
nbrmoglycemic and have shown nondiabetic K éélues on GTT for over 18
mouths, ‘with no evidence of fatigue inq4 of 5, the metabolic perform;nce
of long td®rm survivors has not equalled preoperative=levels, GTT K

values, although consistently in the nondiabetic range,  have been
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substant{ally lower than preoperatively (Table 2), likely reflecting the
- ' .

’limiCed reserve capacity of the grafts kas evldenceg by decreased
insulin secretion). :

What factors may be responsible for this? Other workers have
believed that islets “"trapped” by surrounding exocrine tissue may not be
ablé to fuﬁction effectively. Histology has showd; however, that very
few of the 1slets present in our preparations are “trapped” when
examined in the spleen some time post-transplant (Plate ?). Long term
‘study has)shown little exocrine tisgsue remalining in the spleen;.but it
seems 1ikeiy that the noxious 1influence of enzymes reieaséd from
transplanted exocrine cells. early on, <could damage or destroy
significant amounts of endocrine tissue. This could explain the
ultimate’failure at 13 months of the dispersed fragment graft in one of
the autotransplanted dogs of Group 2;

If may also be that the large amount of pancféatic tissue recovered
from processing (10-16 ml) may be beyond the limits of the transplant
procedurevto adequately ﬁ;ndle. Since the bloog supply of the spleen is
~1arge1y' segmental in nature, half of this large volume of tissue
refluxed up a single hila; vein could result in significant disturbance
of intrasplenic blood fiow which mayJCOmprbmise the ability of endocrine
tissue to survive and engraft. Histology has ‘shown clots in
intrasplenic veins that containe; large mwounté of infused tissue, much
of which was non viable (Plate 2). An increase in purity of the product
for transpglantation aﬁd 80 a decrease‘in amount o} tissue infused may
fésult >in a higher survival of transpl#nted endocrine cells and lso

_better ultimate metabolic function. - The technique of cryopreservation

may have a role in this regard.
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COLOURED PICTURES .
Images en couleur W

[ e

Plate 1, Intrasplenic pancreatic islet on long term follow—upf
endocrine tissue (A), 'exocrine tissue (B), splenic pulp (C)

> ‘ .
(Gomori's aldehyde fuchsin with Mallory's trichrome counﬁerstain)
- . ! .)
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E Images en couleur . \

/ . ) . 4
Plate 2.. Intrasplenic pancreatic islets: vascular space with '

viable islet (A) and cellular .debris (B); pgriVasghlar islet (C)
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The presence of the liver between the site of transplant (spleen)

¢

‘and the peripheral ' veins: where insulin levels are sampled makes

¢ .

evaluation of insuiin 1evels difficult. Being the major site of insulin
u;ilization in the body,: the 1iver can extract a large portion of

insulin in portal blood on; _one _pass through the liver. This makes
. W, : : :

. statements about ‘metabolic activity and reserve of the intrasplenic
transplant somewhat tenuous when based on peripheral insulin levels. A

" moderate decrease in insulin secretion by the residual B cells of the

N t
LY

intrasplenic graft could result in an‘increasedhhepatic extraction ‘to
compensate. 'This would result in peripheral venous_in;ulin levels being
low relative to aetual,ipeulin ptodu;tionfby the_intrasplenic éraft,

| " The pattern of change seen in peripheral plasma insulin levels and

E

K‘ values supports the 1idea of metabolic com?ensation occurring with
time. In groups .of dogs receiving both freshly autotﬁansplanted tissue
and tissue autotransplantedxefter cryapreeervation, insulin levels in
\the eatly:postoperativq period were normai"or high while K velues 1
month postoperatively . were on average only 1.30£0.12 in acute
autotransplaptetion and l.59i0.17(3#3) in cryepreserved animals (Tabie
2). By 3 menths time mean K valees in the'actutely autottansplanted
animals had increased to 1. 64t0 11 and in the frozen/thawed (FT) group
had climbed to 2. 0910 .32 (Table 2). At the same time_fasting peripheral
plasma insulin levels fell. substantially (Fig. 5) as did insulin 1evels
following glucose infesion~(Table 5). In the autotransplanted group
“fasting plasma insulin had returned to normal levels4by 18 menths,‘as;it-
'bhed'in the FT dogs by 12 months (Fig. 5). Insulin levels in peripheral
plasma following glucose infasion had‘increaeed in both groups (Fig. 9

!

Table 5) but K values had dropped by 6 months and remained unchanged' at

]
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18 months and 12 months respectively for acutely autotransplanted and FT

dogs (Table 2).. This accommondation could be due to changes in hepatic
metabolism, insulin actions at the peripheral cellular 1evel, or to

changes in the engrafted islets themselves - such as possible

reinnervation. These metabolic ad justments require further
investigation.

This possibility of ‘increased hepatic extraction may explain’ the
) ~

=‘vg§yﬁglow peripheral iins:ulih levels following a glucose“ infu;idn in

autotransplanted aniﬁals,‘ when these Bame aigals are capable of

& achieving nondiabetic glucose tolerancé test K values postoperatively

which ao not appeaf to show evidence of endocrine cFll fatigue at up to
18 months. If the engrafted tissue was .indeed only marginal in amount,

as would be suggested by these low insulin levels, fatigue coﬁld be

expected to occur with time. Fatigue within months has been seen by

»Najarian_gghgl_in humans, autotransplanted with marginal amounts of islet

tissue after pancreatectomy for chronic pancreatitis(75).

‘ The carboxytermfnal peptide (c—peptide) that 1is cleaved from

proinsulin, as part of the formation of metabolically active iﬁsulin, is

‘not extracted in any significant amounts by the liver. It 1s.produced

in equimola; quéntities with insulin and largely excreted unéhapged by
the kidney(zaz).> Serum levels of c-peptide may thus give a much more
satisfactory method of following the act?vities of 1islet transﬁlants
within the portal system. ’C-ﬁeptide‘assﬁys of }eripheral blood would be

1

preferable to invasive sampling of splehic or portal venous blood as a
¥

method of accurately quantifying graft insulin production, especilally in

clinical situations.-
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B. Variations in Autotransﬁlantation Protocol

!

3. Intraportal Autotransplantation

Transplantation of pancreatic islets to the 1liver has many

w

édvantages. Since the major site of insulin -utilization in, the body 1is

112

the liver, an intraportal transplant could be expected to function more

efficlently than = a transplant " draining to - the systemic

circdlatiqn(gz).

Theoretically an gllograft to .an immuﬁologic orgaﬁ
such as the}spleen cguld lead to a . more séverej:ejection reactioh than
transplanf to other sites. Clinically, an lntrapdrtal traﬂSplaht’would
be technically much simpler, the spleen not being an o¥gan particularly
well suitédk to surgical manipulation (iﬁl man. Indeed,. intraportal
transplantation in mﬁn could well be'perfofﬁed without laparotomy: by

percutaneous cannulation of the portal system or by cannulation of the

umbilical vein.

Unfortunately intraportal transplantatibn‘ok dispersed pancreatic

fragments is

problems with:portal hypertension of varying dégrees(75’76584) leading

to patient ‘death in at least two cases(’6:92) ~ gavere disseminated

1ntravaécular coagulation (DIC) was noted in one patient(go). Portal

. : :
vein thrombosis with portal hypertension and subsequent massive upper

not without ﬁroblems. Several 1nvestigators haveAdeSCrlped ,

gastrointestinal bleeding has also been seen in 1 patient(?43)- The

long-term function - of .these intraportal transplants is also

qyestionable. Of 23 patients in 3 series to undergo intraportal

dispersed  pancreatic fragment transplantation. following - 95%

-1

pancreatectomy for chronic‘-pancreatitis, only 9 have been insulin .

O ' o
independent indefinitely and only 1 of these had documentation of

—

insulin production from the liver(75’76’34)"



The vascular changes in the portal system-have been blamed on two
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main factors. Large amounts of tissue thromboplastins and vasoactive

amines, such as ﬁradykinin, present in the grafts cause intense
vaaoapasm(90'93) and iantravascular thrombosis. Combined with phyéical
disruption of flew by the introduction of relatively ‘large amounts of

@ .

tiésue into the portal venous space, the obstruction to portal flow

" ¢ould becﬁhg severe. Portal vein thrombosig has been noted to occur as

B : '
the culminafion of these influences(gz’zaz)_ and was seen im one of the

2 dogs in my'series'as~well.

Aprotinin is known to bind aﬁd inactivage kallikreins gﬁ?cluding
bradykinin) of man and pig, but not of doé. It has béen éhown to be
very -effective in preventing :raqsélant induced portal hypertension in
piés, to be on%y yart%ally effective in dogs, and ;; be ineffective in

monkeys(93)m Heparin, which could be expected to prevent secondary

thrombosis, has had little influence in animal studie§(93)‘but in human

work at Minneéota, fullhhepariﬁizatibn was assoclated with lower portal

vein pressures than other studies, and no instances of DIC or portal

sy, - | ¢ L

é

vein thrombosis

Our results utilizing high doses of aprotiﬁins(SOOO KIU/kg) and

fairly 103 doses of heparfn (500 to 600 units total) areysimilar to

those of Traverso et al with dogs(93). _Moderate and reversible portal

hypertension was seen=iin the first dog but severe portal hypertension
. ‘ oE

leading to death from portal vein thrombosis occurred in the second.

k1

One could.argue that full heparinization was needed but it seems evident .

that a much ¢leaner preparation of 1slet containing tissue will pe‘

required for safe and effective intrapertal transplantation in man.

4



c. - Studieé of Allotransplantation and Immunosuppression
4. Allotransplantation without Immunosuppression

Previous studies with éllotraﬁsplantation of nonpurified pancreatic

’

fragments have demonstrated rapid rejection in ) both‘animaol(ll':;’l[‘i’lsg)
and hunian trials(73). Utilizing methods that tequire a period of

-several days before normoglycemia is achieved even in autotransplant

situations, some inVestigators have ‘not heen able to achieve
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normoglycemia before rejection occurred(l60’236). Studies of methods to -

delay rejection of allografts would obviously be difficult 'with such

methods of transplantation. " Sutherland has suggested a period of 2

[

days of normoglyé,emiafol_lowing islet allografting to verify successful

engraftment and function(zl*o)./ Subsequent hyperglycemia can then be .

confidently ascribed to rejection rather than a technical failure of the

1islet transplant. In this study, 12 of 12 dogs not given exogenous
steroids were .normoglycé'mic for at least the first 2 déys\‘,. following
allotransplantation (Fig. 10,11). This reliable early function allows

comparisons betwéen groups even in the face of early rejection and shows

_the suitability of this model of allotransplantation for the comparison.

of various immunosuppressive protocols in islet allograftirig, or for
agsessing the results of methods of ex vivo. immunological manipulation.
' ]
The cause of cardiorespiratory collapse 1in one animal and
< Hel . 9

hypotension .and respiratory collapée in anot'her'-dog of this group 1is

unknown. The effects of the vasoactive amines contained in the graft
o . v ' !

would not be exérted' on the 4nimal until after transplantation, since the .

clamping of . the splenic pedicle and short gastric vesse&s during
transplantation effectively removes the spleen from the circulation.

Once could postulate a neural (vagal) reflex 1in response to elther
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mechanical .forées (1.e. Sudden distention of the spleen) or 1local

( .
i

effects of chemical or hormonal products contained in the graft. A

vasévagai effect dqu seem likely, since no further episbdes were noted

after the introduction of vaécular loading with 1 bo “1.5 1litres of

o

‘lactated Ringer's solution prior to transplantation.

5. © Immunosuppression with Azathioprine/Préhnisone

Combination immunosuppressive therapy with .azathioprine ~and

steroids, although the backbone of immunosuppression }n clinical renal

transgiantation for nearly twenty yéars,»has not shown dramatic results -

in pancreatic fragment tranéplantation. ~..Bell found no delay in

’
»

rejection using this combination in rodents(lif) Kolb found no effect

of immunosuppressive ‘treatment with azaﬁkioprine ( 3 mg/kg/day) and
a

prednisone (2 mg/kg/day) on pancreatic fragment transplantation in the
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-dog: both control allotraﬁsplénteq animals and treated animals became,

hyperglycemic from 1 to 3 days post transplant(lsg). Kretschmer

I

achieved prolonged hormoglycémia in 8 of 24 dogs allotransplanted and

given azathiloprine (5‘mg/kg/day) and prednisone (2 mg/kg/day). All 8
subsequently died of infections thought to be seéondary to excessive

immunosuppression(16o).

- As 1n these prévious studies we were unable to detect any
1

gsignificant delay in rejection or any prolongation of survival achieved

by. immunosuppression of aliotransplanted animals with azathioprine and

prednisone(Table 1). On the whole, these animals fared less well than

dogs not recelving any immunosuppressive , medications after
allotransplant. . G -

‘The danger of utiliiing high'-dose sterolds for pancreatic

(165)

transplantation has been considered previously , and we certainly
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found evidence of significant diabetogenic effects. 'Fasting blood

: ' ) .
- glucose levels on the first day post transplantation (before rejection

had shown any effect in non;immundsuppressed aqimals) were significantly
v . . y .

higher in azathioprine/steroid treated dogs than in autotransplantéq’

animals, allotransplanted animals not treated with immuﬁosubpfessive

‘_medications, aﬁh allotréﬁsplanted animals given CsA (Table 1)f
Signif?cant 1evelsﬂof insuliﬁ (Z 2 munits/L) were pfeéent in the

peripheral blood of azathioprine/prednisone treated anipals for nearly

-identical times as.nonimmunosuppresséd animals (8;2 + 0.6 vs 7.3 £ 0.8

v
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respectively). Despite 'similar periods of insulin production, the
N . N “ 3

treated animals ‘"rejected”, 1.e. became hyperglycemic, significantly

sooner than nonimmunosuppressed dogs (P<.01, Table 1, Fig. 12). Weight

loss patterns also peflected the results of steroid stress. While

uﬁf?eated gilotransplanted dggs lost weighﬁ at a raté of 0.24 kg/day
after transplantatidn;-azathioprine/ster;id treated dogs lost weight at
1.0 ké/day_initially and weight loss slowed only to 0;61 kg/day after
feedings were‘resumed (Fig. 6, Tablé 3). |

Just as serlous were the frequent problems with sepsis and delayed

wound healing: Seen in this group. One animal died 8- days

postoperatively from a 'bilateral lobar pneumonia. Three;‘animals

developed wound infections and another a superficial wound dehiscence

without purulence 10 days postoperatively. WOuﬁd problems were thus

seen in 2/3 of these animals; such problems were exeedingly rare 1in.

other groups.
o \ . L
Survival figures reflected the above influences.
Azathioprine/steroid treated animals hh& the shortest survival of all

allotransplant groups, shorter evern than nonimmunosuppressed animals



1

(Table 1, Fig. 13).

In summary, azathiopriné/prednisone immunosuppression achieved no
significant delay of rejectioﬁ,ot prolongation of survival. Significant
diabetogenic éffecés were reflected by h%gh blood glucose levels 1in the
eafi?“sdétoperative period, early “rejection” despite significant levels

) .
of q#rcuigting insulin, 'and accelerated weight 1loss. Survival was
shortened, although not significéntly so, and septic complications were

very¥ frequent. 2
6. Allotransplantation,withnCyclosporinlA Immunoéuppression.

The pilot group of 2 dogs, givén CsA orally only, rejected their

[

graftp on days 3 ‘and 12 and were gacrificed on days 26 and 33. Several
problems were apparent with this 1initial group. The CsA used was

approximately 2 years old and drug activity may have decreased during

Nim

storage. CsA 1is also’ absorbed to only a variable degree from the

(244)’

gastrointestinal tract the insult to the GIT resulting from total

pancreatectomy could ‘certainly result in a decrease in this fractional

absorption. Without monitoring of serum levels there 1is no method of

-~

) . 4 ~J .
following the adequacy of dosages given (and the gaﬁbunt absorbed).

-

Consideration'df these probléms led to the final protocol used in group
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6b.
Previous experience with CsA‘ in pancreatic islet or dispersed
fraément transplantation 1is limited. Neither .Garvey(232) nésw
(233) could significantly delay rejection of rat 4islets

Rynasiewicz
transplanted dcross a ma jor histocompatability barrier. Vialettes(234)
" did achieve a significant prolongation of rat islet allografts and

documented successive episodes of 1incomplete rejection before total

failure of the graft. The %rials of Kolb(139) puTo1t(236)  anga of

bl



| Mahoney and Merqgll(237) achieved no significant prolongation of the
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function of pancreatic dispersed fragment allografts in dogs despite

utilizing oral doses of CsA wup to 40 mg/kg/day: Williams achieved
normoglycemia for over 60 days in 2 of 4 littermate DLA-MLC compatible
dogs allografted and immunosuppressed with CsA 40 mg/kg/daily orally; no
guccess was achleved with 25 mg/kg/day or with the higher dose in

unrelated dogs, despite their serological (DLA) and cell mediated (MLC)
(238) '

1

_ assays of compatibility Using -cryopreserved islets for
allotransplantation and oral CsA at 20 mg/kg/day Toledo-Pereyra achieved
a mean survival of 35.0431.1 days, with 4 of 7 dogs surviving over 60

daYs(zas). He did not comment on post transplant normoglycemia.
3 ‘ .

Adequate‘trials of CsA with human pancreatic 1slet transplantation
have not been carried out.

In contrast to other dog work, all 6 of our énimals treated with
oral/parertteral CsA were normbglycemic following transplantation.
Rehection occurred from 4 to 41 days post transplant (Fig. 12); mean
19.3+5.6 days (median 15.5) (Table 1). Survival varied from 23 goISO
dayerFig. 13); mean 33.3+4.6 days (Table 1).

‘ CsA as a .single agent administéned ‘parenterélly in the

pefioperative period and orally thereafter achieved significant delay in

rejection and prolongation of survival when compared to

nonggmunosuppressed dogs or those treated, with azathioprine and.

steroids. Levels of signifiéance for normoglycemia (Students t-test for
independent groups) were: CsA treated dogs vs. nonimmunosuppressed AOgs,
P < .05, and CsA treated dégs vs azathioprine/prednisone treated dogs, P
< .02. For survivaL,tﬁe comparisons were: CsA_vs..npnimmunosuppressed,

P <‘.01, and CsA vs.. azathioprine/prednisone, P < .001. CsA treated



4?'

animals\maintain a significant delay in the disappearance of insulin
(< 2 mU/L) from the circulation - another marker of reJection. P < .05
for comparison of CsA treated dogs to both other groups.

Weight loss was similar to nonimmunosuppressed dogs over the first
4 postoperative days and ‘éonsiderably less than azathioprine/sterold
treateé animals (Table 3, Fig. 6). Once full feedings were reintroduced
‘the rate of weight loss sloweg drématically in CsA treated animals !5
%qll kg/day from days‘5 to 9(§ost transplant. All 5 CsA treated animals

that had not rejectéd their grafts by the time full feedings were

resumed subsequently regained some portion of their lost weight; with 2

Er

animals gaining 0.5 kg over a 10 day period.
This evidence of sustained welight gain, normoglycemia and
nondiabetic K values on IV GIT at 3 weeks post transplant (Table 2)

highlight the degree- to which metabolic control 1is normalized by
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allotransplantation and immunosuppression with CsA; these results being-

very siﬁilar to those achieved in autotransplants, although limited in
duration by ultimate grafﬁ re jection. | <

Unlike Vial;ttes(234) we found no evidence of a progressive series
of incomplete rejeétion episodes. All dogs experienced a rejection that

was characterized by a rapid climb in blood glucose over a 2 to 5 day

4
o~

period and a fairly abrupt reduction in 1nsulin levels either
simultaneous with or 1 to 2 days following "rejection” (Table 1).
Unfortunately, decreases in 1insulin 1level were found to follow and

0

therefore not to be predictive of rejection as gauged by

vhyperglycemia. The‘production of insulin for 1 to 2 dayslafter the

onset of hyperglycemia does suggest that rejection occurs over a period

of days and that with appropriate treatment of rejection episodes, graft
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function cogld be re-established. No animal reversed an eplsode of
’rej;ction in this study, although CsA was contlinued for a minimum of 5
days after the onset of hyperglycemia. Given the mode of fact;on of
CaA(176!186), once rejection[haa begun, one would not expect a reversal
of the process.‘ A major problem with clinical islet transplantation
will be findiﬁg a marker of rejection at an early point in kits
development, hYperglycemia being indicaﬁive of dysfunction or
destruction of 1islet tissue to within 8-10% of normal 1islet mass‘(tha;
amount estimated to be necessary to maintain nprmoglycemia).

Rejection occurred in<all animals while serum levels of CsA were
within the "therapeutic range” of 0.1 to 0.4 mg/L (Table 6). The
validity of these serum ranges as guides FP dosage must be questioned.
Correlation between serum levels and pre?ention of rejection has not
been well gstablished even for humanb renal transplantation. Serum
levels have been bettef correlgted with toxicity, levels < 0.4 mg/L
being associated with a lower incidence of side effects (notably

nephrotoxicity and hepatqtoxicity) at least in human studies(177).

Serum CsA levels in our animals were well above the toxic .level of

7

120

0.4 mg/L, eséecially during the period of intravenous administration

(Table 6). All levels had fallen to "therapeutic" values by 7 days post
transplant. Despite high levels of CsA, clinically evident toxicity of
the drug was not seen. Serum creatinine levels were elevéted only

intermittently and occurred in all groups with equal frequency; no

evidence of nephrotoxicity was  seen. A suggestion - of mild

hepatotoxicity was seen 1in CsA tTe ted animals. Serum alkaline
phosphatase levels were somewhat hiéﬁer in CsA ‘treated dogs durfhg the

first week following transplantation (Fig. 16). Differences reached



statistical significance on only one day, however, and serum alkaline
phosphakase values had declined . to normal levels by 2 weeks
poatoperétively in all animals without alteration of CsA dosagek No
differences were noted in serum bilirubin or SGOT between any of the
groups.

These findingé indicate that not only 1s little knoQﬂ about th;
relationshlp between serum levels of Csé and the suppregssion of
allograft rejection; the correlation between serum levels and to*icity
is also 1ittle wunderstood, ‘especially in noﬁ rodent animal models.

Doses of CsA conslderably above 25 mg/kg/day may be relatively safe in

g

dogs, and may be necessary for optimal immunosuppressibn. Working with
segmental pancreétic allografts in dogs, DuTolt et al achieved prolonged
(> 100 days) function in animals immunosuppressed with 40 mg/kg/day CsA,
while animals receiving 25 mg/kg‘experienced only brief prolongation of
fdnction: The only complication réportéd'ﬁith the higher-CsA dose was a
marked increased-in cutaneous verucae(235), h |

Fivé of our 6 animals experienced" increaSQS’ #n plasma glucose
beginning on tge second day ﬁost operatively that; reached overt
hyperglycemia in 4 animals (Fig. 14). One animal rejected at day 4
without returninglto normal plasma glucose levels. All other aniﬁals
returned to normal plasma glucose levels after periods varying from 5 to
11 -days. These. high blood glucose levels occurred despite normal
insulin levels; in fact 1insulin 1levels were high 1in some animals,
suggesting the presence of a diabetogenic effect df:CsA at high serum
lévels. CsA levels were high during this periodi of hyperglycemia
suggesing’ah effect of high levels of CsA on carbohydr%te metabolism. A

diabetogenic effect of CsAfKQas been seen previously by Anderson in



tissue culture of i{slets incubated with CsA(246). Gunﬁarso& thought the
effect’ most 1ikgly due to interference with the peripheral effects of
tnsulin(247),

« Another possible mechanism of this effect would be a disturbance of
the 1iy;r's role in carbohydrate ‘metabolism. Although. no consistent
effect of CsA was seen on serum SGOT, alkaline phospbdtase elevations in
this same period suggest a hepatotoxic effect of CsA. This gorrelation
is obviously still speculative only. .

The only major complication 1n the dogs treated with CsA was not
due to the drug. In fact it emphasized the safet& of .CsA relative to
previous azathioprine/steroid protocols. One of the CsA treated animals
developed a complete bowel obstruction on the second day post
transplantation. Laparotomy confirmed an ileoileal intussusceptidn and
resection of 40 cm of small‘bowel was required. Hyperglycemia ensued
but afﬁer two days€ of 1insulin treatment, spontanteous normoglycemia
returned and insulin treétment was stopped. The dog healed his wound
fapidly, took oral fooa[ eagerly within 4 days, subsequently gained

‘ ) v
weight and had notmai bloed glucose and 1insulin levels for a
considerable period before rejectiﬁg. The rapid healing of wound and GI
tract and the absence of septic complicationé érom resection of
obstructed small bowel in an animgl treated ghroughout with 25 mé/kg/day
of CsA is¢ indeed a nétable departure from_ the frequent ‘septic
complications and-péor wound healiﬁg of the azathioprine/steroid treated

\

animals.

\

The relative lack of toxicity of CsA and particularly its lack of

»

' » \
myelosuppression make 1t attractive to use 1in combination with other,

immunosuppressive agents. Synergistic actions of CsA 1in combination

A

122
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wiﬁh‘both prednisone and azathioprine ha;e been documented b; prgvioua
stﬁdies(193’228'231) and deserve full evaluﬁtion in this/ model of
pancreatic fragment tranaﬁlantgtion.

Another aspect of CsA of which little {is kno;n,‘ts its optiﬁum
route of adminibfration. The mést common rb@te uged is oral, hdwever GI
gbsorption is variable ang may well bé iira;ic in the peri9perat1ve
.beriod. Intravenpus administration in our study gave much higher levels
than similar doses orally, and serum levels rethed very high
Yalues(Table Q). These high levels a;d not resglt in significant
toxicity and threw doubt on the use of human “toxic" level figures in
canine work. Interestingly, 'Craddpck ét al have found a marked
improvement in‘ survival of .dogs treated with .CsA 25L mg/kg/day
intramuscularly following total small intestinal allotransplantation
when lbmpared at the same dosageigiven oral;y(21o. Thére i; much we do
nog understand about this Arug, and .80, still many opportunities for
imprerﬁent in'the results of immunosuppression using CsA alone, or in

o

combination with other immunosuppressants.
5 » .
In summary, €sA succeeded in achieving a significan% delay 1in
rejection and a significant prolongation of survival when compared to

both nonimmunosuppressedfllotransplanted animals and those’ given

azathioprine and, prednifoné. Metabolic control achieved with

.allotransplantation and CsA was similar to autotransplanted animals as

-

evidenced by normoglycemia, nondiabetic IV GTT K values, and

o

" ‘stabilization and eventu%}'gain of weight. This was achieyqd with a

dose that produced minimal evidence of toxicity.

4’ ) “
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<D, Studies of Cryopreservation
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Cryopreservation promises distinct advantages for, “clinical®

pancreatic islet transplantation. Foremost among then at present 1is theﬁ

o

possibility of long-term storage of ;isolated islets without ’

‘cumulative loss inherent in other storage methods” Alternative std%agé
methods such as pulsatile perfusion, cell culture and simple hypothermic

storage have all been used successfully for short-term preservation of
/ 1
{ntact pancreas and islet preparatioms, but all_have been limited by a

progressive loss of cells and viability over time.

'Knight et al were ‘the first to rebort successful hypothermic'
storage of isolated islets, but secretion ofginsulin was decreased by
50%_within 48 hours(248) Frankel stored mouse 1islets at 8°C for 5

" weeks . and was able to retain 2/3 of insulin secretion, “but only if

\

islets were rewarmed to 37°C weekly for a brief period<249) Schulak

‘o

demonstrated satisfactory function of islets stored at 4°C for up to 48

5}

hrS(ZSO) and most other studies have found a similar time limitation to .

4

“the success of simple cold storage(ZSI) Pulsatile perfusion of

('7

segmental pancreatic grafts has been able to reliably preseve function
after transplantation only when storage was for < 48 hours (252),
N Tissue culture technidues have been able to successfully preserve
'rodent islets for periods of over 1 week(253). Longer-term storage has
not been successful however, and the difficulties ‘with culturing large
tissue volume have prevented successful application of the techniques to
large animal‘transplantation models. / |
Cryopreservation, however, can store islet tissue for prolonged
periods. Rajotte and Scharp‘documented successful function of islets
cryopreserved for 2 to 5 weeks transported between centres and then

(254)

transplanted in rats In vitro function of 1slets cryopreserved
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for 1 1/2 years has been documented by Banf. Iong—term storage would
allow; time for ﬂetter histocompatability matching ofz donor‘ and
recipient. lt'would also allow ielet banking. Islet banking would not
only allow optimal matching‘of donor and_recioient but also accumulation

&graft for each recipient, should multiple

of more than one suitable

donors prove necessary. Storage would also give time for thorough

preoperative preparation of the prospective recipient, many of whon will

be poorly controlled ‘diabetics, likely with significant associated
. \

medical problems and diabetic complications. It has“been established

that varying cell types and multicellular structures, have different

optimal cryopreservation p‘:}ocols, especially cooling and- thawing

rate§(255)i toxicity from exf¥Bsure to different cryoprotective agents at
different coneentrations and for varying exposure periods would likely

“

also vary. This reflects the differences in size, surfact to volume
ratio, (me;brane per;eability, and . tolerance of the cells to osmotic
shock ,and ice “crystal formation in' these single and multicellular
systems. Bank(256) and Warnock(227) have both documented evidence of
selective. destruction of - exocrine tissue during freezing éinshaw et al
also‘ -noted’ selective destruction of exocrine cells = at Low®
temperatures(83). Should hignly ‘imnunogenic cells such as passenger
leucocytes and dendritic cells be subject to destruction by freezing,
considerable advantage would be attained in islet allotransplantation.
"Methods have been developed for cryopreservation of isolated rodent .

(258)

islets that yield consistent success Unfortunately, direct

application of these methods to canine dispersed fragments has not been

successful(239), Many factors may be involved. First, species
&

e

differences in cell membrane structure and .cellular function may alter

iy
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the kinetics of cryoprotectant permeation. Likewise, differences in
optimal cooling and thawing rates may vary,.as might cellular resistance

to such stresses as osmotic ghock and the toxic effects of MeZSO at
various.-temperatures(zss" 254), Variationa in time of exposure to
P

collagenase and total warm ;ischemic. time are also longer in the
processing of canine tissue and may render islet tissue less able to
withstand. additional stresses. Canine diapersed~'fragments are much
larger than isolated rpd:it islets and the need for changes in technique
to accommodate'this factor'alone‘are 1ikely.

Rajotte and Warnock achieved promising early results by increasing

the temperature of MeZSO exposure from 0°C to 25 C for the 1ast 15 min
of cryoprotectant permeation(zsg) . Since MeZSO N permeation 1is
temperature dependent, the higher temperature may have resulted in more
complete penetration of the cryoprotectant into the relatively 1arge
pancreatic7 fragments. ) Adequate protection during theh freezn thaw
sequence was the final result.v v

Direct extension of these methods were not entirelf successiul; Our
initial group of '8 cryopreserved dogs yielded mixed results. One animal
failed completely for unknown reasons and a second exhibited only brief

°

normoglycemia before failure. A third dog was mnever normoglycemic
des&ite'high peripheral insulin level;. |

A technical problem with tranaplaﬁ?ation may have led to the
failure of another froken thawed graft. One cannula. perforated the vein
wall inside the spleen, resulting in a transplant partly hy intrapulp
injjction rather than venous reflux. The gradual failure of the graft

“4n this animal is similar to the pattern seen by Warnock with intrapulp =////

‘transplantation of fresh islets(80),

J



| I | :
\ - ‘ 127

} -

Technical probl;ms‘ during the freeze/thaw sequence could‘ be
responsible for failure in two other animals. One graft was exposed to
MeZSO at 40°C for a prolongei Period when a heater was\inadverﬁgntlﬂ;
left on. The temperature &ependent toxicity of MeySO 1is likely
resfop;ible for failure of this transplanﬁ. Another frozen graft was .

thawed at an excesslvely slow rate; this may have contributed to the

)
+

- failure -of transplant in this dog.
| The other 2 animals in this ;nitial_ grodp have Beént lgng term
:éuchesses, 'anly pOSt;Qp normoglycemia ‘was followed by a short pe{%?d

(1 to 4 days).qf hyperglycemia, then bylnormoglycemia~that has persigied
for over 12 months. K Qalu?s have remaineq over 1%/minute for 12 months

in both, 1 animal subsequently became diabetic and was sacrificed,.the

other was sacrificed during metabolic -testing 19 months post.prdnsplant.
. , ;

Techniqﬁe‘was changéd only manginally in the 1last gro;p of*4bdogs
ltransplanted'éith FT islets, all- of which»wére~successe§. Transfeg from
Erlenmeyer flask to cryo test tube was performed on;ice after cooling
Atﬁe Erlenmeyer in 1ice for a 5 min. period. The success of tﬁeseﬂfiﬁal 4
—dogs'isA ce likely dué eo ; "practice effect™” tﬁaﬁ to this m%nimal
change u‘chnique . V o
'%xf Another problem Qas sgimounted by an alteration in ~equipment.

Freezing of dispefsed fragménts from aﬁ enﬁire canine or human pancfeag

by our current techniqﬁes"requifesH oﬁér. 20 test ﬁubes of cells.

Nucleation by ice ecrystal addition {is ‘tedious with such numbefs and

,exposeé the cells.to contamination. Nucleation by externalycontact of

the‘ glésg "¢ryo-tube” ﬁitﬁ a metal rod COoled_‘in liquid nitrogen

,élimihaféd> this ;hancg of conﬁamina;ion 'butudremained inefficient.

Installation of an FTS pump ‘to circulate liquid nitrogen thrdugh a
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stainless steel tube .which was molded to run nearl‘thel edge of the
ethanol bath created a'nucleation’system that could handle large numbers
of tubes within a few minutes. This more efficient system also resulted
in more satisfactory nucleation, all cellsybeing frozen in/suspension,
with minimal settling seen. | \ N

The development of aluminum holders in the evacuated Debhr flasks
also aided in streamlining the procedure“b; soeeding the traneger of

- test tubes from the ethanol b#th for final controlled cooling. This

rapid transfer prevented warming of tubes by ambient air during transfer

128

and elimineted‘problems of inednality of temperatne‘in the test tubes in

the ethanol bath and the ethanol in the cooling Dewar's at time of

transfer. : ™.
o . o v : \
Results in the 4 dogs of group 7B were a.dramatic improvement. All

were mnormoglycemic in the early ‘post—operative period, ' only one

experienced any period of hyperglycemia (Fig. 4) and all were

normoglycemic for over 15 months post—~transplant. K values on glucose

tolerance testing have been superior to control fresh autografts at all
periods up to 12 nmonths, although differences have not reached
statistical significant (Table 2). Similarly, ‘peripheral insulin
responses to glucose infusion in the frozen/thawed animals have been
consistenly better- than in freshly autotransplanted animals (Fig. 9,
Tahle 5) though differences again are not significant at the 5%
_  confidence level. . There has been little evidence of fatigue of islets
transplanted after cryopreservation over the 15 to 18 months of follow-

up.

Weight loss, has also been controlled 1in these frozen thawed animals

Fig. 7, Table 7). Two dogs lost wéight for the first 3 months after

k3
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transplant then stabilized. The other 2 animals lost weight for a

period of 1 month only. Both subsequéntly gained weight and indeeé
welghed more at sacrifice than they did preoperatively. The 1longer
period of initial.weight loss 1in these .animals as ;bmpared to freshly
autotransplanted dogs may repregeﬁt the time period rquired for
cqrrection of freeze/thaw 1induced injury. It is tempting to ‘speculate
that the long-term weight g;}n over pre-operative levels in 507 of

frozen/thawed dogs 1s due to superior long-term pérformance of the

&

n

K values achieved on glucose tolerance testing and the greater level of

s

insulin response to glucose infusion.

cryopreserved dispersed fragment gemische,' as 1s suggested by the higher

Dogs transplanted with frozen/thawed 1slets have thus experienced

'marginally better met;bolic‘ concgol post—operéti?ely Ythan animals
recéiying fresh islets. Several factors® may be “fe5ponsi$¥e. Tﬁe
animals’used for cryopfese;vatiod studies had both a highér average pre—
operative K valﬁe and a slightly'higher average volume yield of tié%ye
from the . isolation procedure, although néither difference‘ was
statistically significant. | |
x ~ The di%ﬁérenges. may also be explainablé by considéring possible
consequences of thé freeze/thaw process. In the 1slet the glucagon
producing alpha cells lie periphrally. This position‘could leave'thém
more open to damage;kiF could also afford them bétter\botéction due to
more complete Me,SO equilibration. Previous histological studies have
not indicated'pqefepéntial alpha cell damage(so).:

It is well established that var}ing cell types'requife different

£(255,254)

cryopreservation technique Endocrine cells have previously

been thought to be more resistant to cold injury and freeze/thaw injury

v
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than exocrine cells(83,256), Transglantﬁtion of an unpurified
pancreatié fragment gemische leaves endocrine cells in immediate
proximity to exocrine cells in the host gissues. EAzyme prbducts of the
exocrine tiésue couldrconceivably damagg or desﬁroy a significant'amount
of islet tissﬁe. Preferential destru;tioh of exocfine cells during the
freeze/thaw process may protect the islets from tﬁiq damage énd so be
réspénsible for vthe supefior iong-ternx metabolic performance seen 1in
this study.
- An éktension _of this line of thouéht reflects  omy
' N,
immunoalteration.” Should cryopreservétion also be capable of selgctivé \
déstéuction of passenger leucocytes, dendritic cells, gnd ofﬁer highly
immunogenic non endocrine contaminants, an§ther ma jor advantage would be
éained in clinical allotransplantation¥‘by "the 1incorporation of
cryopreservation techniques. ’Ouf final expefimentallgroup attempted to

test this postulate.

o~
-

Unfortunately, the. combined stresses 'of collagenase digestion,
cryopfesérvation and"allgtrdnsplantatiohkap;eafed to be additive. Three
of six dogsé were never normoglycemic, despite significant insulin lévels
for 5 or more days ig all (Table 1). Although initial post—operative
blood glucose levels were under 200 mg/di iﬁ all 3,ar;3ection ulgimately
occurred before repair of the damaging: effects of the fFeeze/thaw
sequence was complete enough to resuit in nérmal blood glucose levels. .
The definitton of enéraftment and subsquént fejectioﬂpempioyed'by this
study e&iﬁinates them from consideration. Gomparisoﬁ between freshly
aliografted animals and the remaining 3 frozen/thawed allqgraftea

animals did not reveal significant differences in either time to

rejection or survival.
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Pro;xliéing indications were seen, however, 1in this small series.’

One animal did~not reject his graft until 12 days follow;ng transplant,

a considefgble period of- g;‘aft‘ funct'ion. Another, aithough becoming

-hyperglycemic on day 5 post . transplant, conti‘nued to show Q‘ubstantial

levels of im-:u;lin in peripheral serunﬁ for\ over 25 days, and survived for

58 "days,k conslderably longer than any non _fré’zen Aa“ll'ografted dég.

Further examination of this exciting aspect of cryopreservation is

needed. ’ ' v



VII - CONCLUSIONS

]

These stddies verify the results of Warnock with this model of

4
o

pancreatic dispersed fragment autotransplantation in the dog. The

‘model 1is reliable and achieves a level of metabolic control, of

the severe form of diabetes mellitus that results from total

pancreatectomy, that 1is equal or‘suberior to that of any other

published method.

e

This metabolic control 1s enduring, as evidenced by the failure

of only 1 of 5 autografts over a period of follow up of greater

'than 18 months (a second animal died at 4 months due to a bowel

N

obstruction).

§ -

This pancreatic dispersed fragment preparation is not satisfactoty

fdr intraportal infusion in its present form.

This method of pancreatic dispersed fragment preparation and
’

transplantation by splenic venous reflux 1is /satisfactory for

allotrgnsplantation. The absencg‘ of any suystained period of

7
3

hyperglycemié post-transplantation makes this model suitable for

" comparison of Qarying methods of recipient immunosuppression, of

ex vivo immunological manipulatioﬁ of tissue for transplant on,
: _ g
or of other methods to achieve delay or prevention of allograft

re jection.

132 w



Recipient d1mmunosuppression with azathloprine 3 mg/kg/day and

prednisone 2 mg/kg/day was not able to achleve "any delay in

rejection of the implanged islets or any prolongation of survival
over non-immunosuppressed allograft recipients. The transplanted
islets tolerate the diabeEogenic stress provided by this dose of
prednisone poorly as évidencedvby earlier onset of hyperglycemia
and egrlief death when compared to the nonimmunosuppressed

allograft recipients. ;

Cyclosporin A 25mg/kg/day, orally, comﬁined VQith parenteral
administration in the  perioperative pefiod, is C#pable of
significant delay in’ rejection of transplahted pahcfeatic
di§peréed fragments as well. as prolongation of survival of
recipient animals when compared to both nonimmunOSuppressed
allograft recipients or those treated with azathioprine and

prednisone.

With this model of pancreatic dispersed fragment transplantation,

and utilizing immunosuppression with either leclosporin A or

azathioprine and prednisone, no evidence of a progressive series

of incomplete rejection episodes was seen; All rejection episodes
proceeded to éomp1e£e loss of islet' graft fuﬁction inexorably
within 1 to 4 days of the first indication 6f hyperglycemiat The
presence of insulin.in the peripﬁeral biood after tﬁe onset of
hyperglycemia does suggest the possibility of reversability of the
re jection process, thag is, it seems that immqne Aestruction of

all the engrafted pancreatic islets does npt occur simuitaneously.

\
«
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9.

10.

11.

Cyclosporin A at the "therapeutic levels” of 0.1 to 0.4 mg/L that
are often utilized for human cadaver kidney transplantation 1s not
capable of 1ipdefinite prevention of rejection of allotransplanted
pancreatic dispersed fragments in the dog. This factor when
combined with the decline in serum Cyclosporin A levels ©bserved
in these pancreatectomized ddgs suggests that either an increase

in drug dosage will be required in the later postopeativé period

to prevent rejection, or 'that a combination of immunosupPressive

medications will be required: to °pfevent rejection of

allotransplanted canine pancreatic dispersed fragments.

~

No evidence of toxicity to remal or hepatic function was Seen in

this study with serum levels of Cyclosporin A that were well above

0.4 mg/L in the early postoperative period. This lack ©f renal

. 3
toxicity of CsA in dogs has Dbeen. noted by manY other

a

investigators.

The metabolic control achieved in allotransplanted dogs
successfully ilmmunosuppressed with Cyclosporin A 25 mg/k8/day 1is
similar to that ‘achieved by autotransplantation of pahcreatic

dispersed fragments. Evidence was seen for an adverse effect of

”

Cyclosporin A on carbohydrate metabolism in the early post-

. transplant period when serum CsA levels were high.

, ',:\‘ _
Cryopreserved canine dispersed pancteatic fragments (slow cooled
: _ i

-

to -75° after permeation by Me,SO, stored in liquid Nj, then slow
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12.

thawed and cieared of Mezéo\by sucrose addition) are caﬁable of
successful long term amelioration of diabetes mellitus after
autotrﬂ%dplantation. A relatively reliable method was developed
that achelved megabolic contéol at least as good as acbeivgd by

dispe;sed pancreatic fragments autotransplanted immediatley after

isolation.

No significant delay of rejection, nor prolongation of survival
was seen when canine dispersed pancreatic fragments were

cryopreserved prior to allotransplantation.

135



BIBLIOGRAPHY /

\

Burton BT, Hirschman GH: Diabetes in the U. S.A.: A demographic
overview. In Freidman EA, L'Esperance FA: Diadetic Renal Retinal
Syndrome, Grune and Stratton, New York, 1980: 5-18

U.S. National Commission on Diabetes. The Long/Range Plan to
Combat Diabetes. Report to Congress, 1975. U.S. Department of

.} Health, Education, and Welfare, publ no. (NIH) 76-1018.

Washington, D.C. Government Printing Office, 1976

Kannel WB: Cardiovascular sequelae of diabetes. In Diabetes and A

Atherosclerosis Connection. ‘Moskowitz J: Juvenile Diabetes

Fouqdation Medical Series, New York, 1981; 5-16.

Schober E; Pollack A: /- Glycosylation of. glomerular basement
membrane 1in /type I " (insulin dependent) diabetic¢ children.
Diabetplogia 1982; 23: 485-487

Andreani D, Keen H, and Squadrito G: Highlights from the
Interpational Symposium: Diabetes and 1its late complications:

New Prospects. Diabetologia,1982; 23: 284-285

Dziatkowiak H, Kowalska M, Denys A: Phagocytic and bactericidal
activity of granulocytes in diabetic children. Diabetes 1982;
31: 1041-43

Lopes-virella MF, Wohltmann HJ: Effect of metabolic control on
lipid, 1lipoprotein, and apolipoprotein levels 1in 55 insulin-
dependent diabetic patients. Diabetes 1983; 32: 20-25

Engerman R, Bloodworth JMB, Nelson & S: Relationship of
microvascular disease in diabetes to metabolic control. Diabetes
1977; 26: 760~769 _ . . £

i
a

136



e

10..

11.

12.

13.

14,

'15.

16.

17.

18.

19.

Pirart J: Diabetes mellisus and ifs degenerative complicatYons:
a prospective study of 4400 patients observed between 1947 and
1973. Diab. Care 1978; 1: 168-188

Tchobroutsky G, Relationship of éiabetic control  to

microsvascular complications. Diabetologia 1978; 15: 143

Miki E, Fukuda M, Kaza T, Kaééka K, Nakao K: Relation of course

of retiﬁopathy to control of diabetés. Diabetes 1978; 18: 747-

752 : -

e

P

Rifkin H: Why control diabetes? Med.Clin.N.A. 1978; 62: 747—75?? fvf}

T
;o

e
Doyle AP, Bolcerzak SP, Jeffery WL: Fatal ditetic
glomerulosclerosis after total pancreatectomy. . New EpgiJ.Med.

1964; 270: 623

Becker D, Miller M: Prescence of glonerulosclerosis in .patients
with hemochromatosis. New Eng.J.Med. 1960; 263: 376

|
Unger RH: Benefits and risks of .meticulous controlof - diabetes.

Med.Clin.N.A. 1982; 66: 1317-24 ‘

G : v
Schiffrin” A: Mpltiple subcutaneous nsulin injgctiﬁ‘iﬁ
Med.Clin.N.A. 1982; 66: 1250-69 -1980, .
Drash AL, Daneman D, Tran L: Progressive retinopathy with

improved metabolic control in diabetic dwarfism. Diabetes 1980;
29: (Suppl.2) IA

Albisser AM, Artificial Beta Cell Insulin Delivery Systems: In:
Diabetes Mellitus Brownlee M, (ed.); Garland STPM Press, New
York, 1981: Vol V. 245-272. \

4

Pickup JC, Keeé’h, Viberti GC: CSII in the treatment of diabetes
mellitus. Diabetes Care 1980; 3: 290-300

1

37

:Q ;

R

&



20. Pietre A, Ehle AL, Kaskin P: Changes 1in nerve eonduction

veloqfty after 6 weeks of glucoregulation with portable. insulin
infusibn pumps. ‘Diabetes 1980; 29: 668-671

21. Raskin Pf Treatment of IDDM with portable insulin infusion
pumps. Med.Clin.N.A. 1982; 66: 1269-1283

" 22. Deathes among patients using CSII pumps., - Morb.Mort. Weekly
Report, February 26, 1982;580-§7

23. Genich JE, Langloiz M, et "al: Lack of glucagon. response to
hypoglycemia in diabetes: evidence for an intrinsic pancreatic
‘alpha cell defect. Sclence 1973; 183: 171

vy

" 24.  Madsbad S, Hilsted J,. et 2l: Hormonal, metabolic and
cardiovasucla' responses to hypoglycemia 1n type I (insulin
dependent) diabetes with and without residual B cell function.

DiabetSlogia 1982; 23: 499-503 4

25. Patel DG: Lack of glucagon‘tesponse to hynoglycemia in long term
- experimental diabetic rats. Diabetes'1983; 32: 55-60

26. Boden G, Reichard GA, et al. Severe insulin induced hypoglycemia
‘ associated with deficiencies in the release of counterregulatory

hormones. N:E.J.M. 19813 305: 1200-1205
- / s |

&

_Company, Kalamazoo, Mich. 1965; 106-11Q

& ,

28.\\2apaspyros NS: The History of Diabetes Mellitus, 2nd edition,

George Thieme Verlag, Stuttgart 1964

l

29. Mering JV,’ﬁinkows%d 0: K,Qiabetes Mellitus after Pancreas
Extirpation. Archiv. fur  Experimentale Pathologie and

Pharmacologie, 1889, XXVI 111-127 ' (from Diabetes: A Medical

s, I

S

27. The History of Diabetes. In: Diabetes. agope Monograph, Upjohn

138



30.,

31.

32.

©33.

34.

35.

36.

3c7 .

Odyssey.'Uﬁv Pharmaceutical Corp, Tuckahoe, New York)

Banting FG, Best CH: ~The interna} secretion of the pancreas.
The'Journal of Laboratory and Clinical Medicine Vol. VII, No. 5,

‘Febrdary 1922; 131-1%0

Banting FG: From a  paper read before the International

Conference on Health Problems in Tropical America, Kingston,

Jamaica, July, 1924; 21-31 (from Diabetes: A Medicalﬁpdysséy.

. USV Pharmaceutical Corp., Tuckahoe, New York)

S

Broe PJ, Mehigan DG, Cameron JL: ?ancreatic transplantation.

Surgical Clinics of North Ameriéa 1981; 61:85-98

Kimmelsteil P,.Wilsoﬁ q:.Intercapillary lesions in the glomeruli
of the kidney. American Journal of Pathology 1936; 12:83

-

Mauer S, Sutherland DER, Steffes MW et al: Pancreatic 1slet '

transplantation: effects on the glomerular lesions - of

experimentai diabetes in the rat. Diabetes 19745 23: 748-753

MauerFSM, Steffes MW, Sutherland DER et al: Stgdies on the rate
of regression of the glomerular lesions’in,&gabetic‘rats treated
with pancreatic islet transplqntation. Diabetes 1975; 24: 280-
285 T

v

Steffes SW, Brown DM, Basgen JM, Mauer SM: Glomerular basement
membrane thickness following islet transplantation  in the

diabetic rat. Lab. Invest. 1979; 116-118

Bretzel BG; Briedenbach Cﬁ, Hoffman J, et al: Islet

transplantation in experimental diabetes of the rat. III. Role

of regulatioh of diabetic kidney,,lesions ~after isogenic islet> -

transplantation: quantitative measurements. Horm. Metab.Res.
1979; 11: 200-207 , . - : -

b

a

139



38.

69.

40.

41 .

42,

43.

b4,

46.

111: 254-257

. diabetes. Diabetes Care 1979; 1:1

Gray BN, Watkins "E: Prevention of vascular complications of

diabetes by pancreatic islet transplantétion. Arch.Surg. 1976;

Worthem DM, Lee S, et al: Effect of whole pancreas

" transplantation Qn eye lesion of alloxan diabetes. Surg. Forum ‘

1976; 27:544-546

Krupin T, Waltman SR, Scharp DW, et al: Occular

’fluorophotometry in streptozotocin diabetes mellitus in the rat:

effect of pancreatic islet isografts.. Invest. Ophthalmol Visual
Science 1979; 18:1185-1190

Kelly WD, Lillehei RC, Merkel FK, et al: Allotransplantation of

the pancreas and duodenum along &ith the kidney in diabetic

nephropathy. Surgefy“l967; 61:827

Largiader F, Lyons GW, Hidalgo F, et al: Orthotopic
allotransplantation of the pancreas. Am.J.Surg. 1967; 113:30

3
I \,

Lillehei RC, Simmons RL, Najarién, et al. Pancreaticoduodenal

alldtransplantation: experimental and clinical nce.
Ann.Surg. 1970; 172:405 -
Gliedman ML, Tellis R, Soberman R ‘et al:- Loﬂ _ﬁfﬁfécts of

papcreatic ‘function 'in patients with advanced S :';"onset

& .
. . ;-;.),\ .
Toledo-Pereyra LH, Castellanos J: Role of pancreatic duct’
ligation for segméntal pancreas autotransplantation.

-

Transplantation 1979; 28: 469-475

Dubérnard JM, Traeger J, Piatti PM, et al: Report of 50
segmenatl pancreafic allogfafts prepared by duct obstruction with
neoprene. Transplant Proc. XVII (Suppl.l) 1985; 312~314

140

’—‘\



47.

48.

49.

50.

51."

52.

53.

S4.

55.

Sutherland DER, Goetz F

T 141

lLand' E, 'landgraf R, Illner WD, et al: Improved results in

combined ‘segmental pancreatic and renal transplantation in
diabetip'patients under'Cyclospprine'therapy. Transplant Proc.
XVII (Suppl.l) 1985; 317-324 | ' .

Kyriakides GV, Nuttall FQ, Miller J: ‘Segmental pangreatic

‘tranéplantation in pigs. Surgery 1979; 84:633

Dubernard JM;, Traeger J, Neyra P, et al: «'A‘ new method 'of
preparation of segmental pancreas grafts for transplantation:

trials in dogs and man. Surgery 1978; 84:633

Munda ' R, First MR -Joffe SN, Alexander JW: Experience with

pancreatic allografts in renal transplant recipients. Transplant

Proc. 17 (Suppl.l); 1985: 353-357

Sollinger HW; Kalayoglu“M, HeffmanfﬁM, Belzer‘FO: Results of
segmental . and %pancreaticosplenic transplantation with
pancreaticncystOSOmy. Transplant Proc.17 (Suppl.l); 1985: " 360-
362

ajarian JS:  One 'hundred"pancreas

transplants at’ a single institution. Ann.Surg. 1984; 200: 414
4

440

a3

4"

Munda R, Berlatsky Y, Jonung ﬁ, Murphy RF, Brackett K, Joffe S,
Alexander JW: Studies on segmentgl pancreatic autotransplamts in
dogs. Arch.Surg. 1983; 118: ]310-1315

-
IS

Orloff MJ, Lee S, Charters AC, et al: Long term studies of

pancreas transplantation in experimental diabetes mellitus.

" Ann.Surg. 1975; 82: 198-206

<

Sutherland DER: aPancreas and islet transplantation II. Clinical

Trials. Diabetologia 1981; 20: 4352490



- 56.

58.

59.

60.

61.

62 .

63.

64 .

Sutherland DER, <“Kendall D: Clinical pancreas and islet
‘transplant registry report. Transplant Proc. 17 (Suppl.l); 1985:
307-311

Payne WD, Sutherland DER, Matas AJ, et al: DL-ethionine
treatment of adult pancreatic donors; amelioration of diabetes in

multiple recipients with tissue from a single donor. Ann.Surg.
1979; 189: 248-256 " '

4

Brooks - JR, Endocrine Tissue Transplantation.‘ Christopher C-

Thomas, Springfield, Illinois, 1962: 83-84

Ziegler MM, Reckard CR, Barker C.F: ‘Long term metabolic and

immunologic considerations 1n transplantation of pancreatic
islets. J.Surg. Res. 1974; 16: 575-781

[y

Lacy PE, DaQie JM, Figke EH, Schgrp DW: Prolomgation of islet

N i

allograft survival. Transplantation 1979; 27: 171-174 '
Neji A, Reckard CF, Siegler MM: et al.’ Vulnerability of
pancreatic islets to immune cells and serum. Surg.Forum 1975;
26: 459-461 ’

Naji A, Barker CF, Silvers WK: Relative vulnerability"of
isolated islets, parathyroid, and skin allogrfts to cellular and

ihuporal immunity. * Trams.Proc. 1979; 11: 560-562

4

S . .
Frangipane LG, Poole TW, Barker CF, Silvers WK: Vulnerability of

allogeﬁéic and xenogeneic pancreatic 1islets ‘to antisera.

Trans.Proc. 1977; 9: 371-373

Kretschmer Qq,w‘ Sutherland DER, Matas ‘AJ, et al:

Autotransplantation of pancreatic fragments to the portal vein

and spleen of totally pancreatectomized dogs. Annald of Surgery
_ _ £ .
1978; 187: 79-86

142



65. Sellé WA: Studies on pancreatic grafts made with a new

‘technique. Am.J.Physiol. 1935; 113:118

66. Brooks JR: Pancreatic homdtransplantation. ¢+ Transplantation
Bull. 1959; 6: 100

67. Moskalewski S: TIsolation and culture of the islets of Langerhans
of the guinea pig. Gen.Comp.Endocrinol 1965; 5: 324 *

68. Lacy PG, Kostiirovsky M: Method for 1solation of intact islets

2

of Langerhans from rat pancreas. Diabetes 1967; 16: 35-39 ,

69. Lindall A, Steffes M, Sorensen R: Immunoassayabale 1insulin
content of subcellular fractions of rat islets. Endacrinology

1969; 85: 218

v i

+ 70. Scharp DW, Kemp CB, Knight MJ, et al: The ugse of ficoll in the

, preparation of viable  islets of Langerhans from {he rat
pancreas. Transplantation 1973; ‘16: 686-689

(

71. Ballinger WF, Lacy PE: Transpiantation of 1intact pancreatic

s islets in rats. Sufgery 1972; 72: 175-186

72. 'Mirkovitch V, Campiche M: Intrasplenic aufbtransplantation of
canine pancreatic tissues. Eur.Surg.Res. 1977; 9: 172-1%90

H - P

73. Sutherland DER: Report of International Human Pancreas and Islet

Tra%splant Registry Cases Through 1981. Diabetes 1981; 31
(Suppl.4d): 112-116

. / ‘ . .

74. Largiader F, Kolb E: A long-term functioning human pancreatic
islet allotransplant. Transplantation 1980; 29: 76~77

75. Najarian JS, Sutherland DER, et al: Total or near . total
pancreatectomy and islet autotransplantation for treatment of

o chronic pancreatitis. Annals of Surgery 1980; 192: 5;3—542

Q

143



144

76. Cameron JL, Mehigan ,DG, Broe PJ, Zuidema GD: Distal
pancreatectomy and islet autotransplantétion for chronic

pancreatitis. Ann.Surg. 1981; 193: 3112-317 ’

77. Kretschmer GJ, Sutherland DER: et al: Autotransplantalion of
pancreatic fragments-to the portal vein and spleen of totally

: O T
pancreatectomized dogs: a comparative evaluation.  Ann.Surg.

1978; 187: 79-86

‘ . 3 . :
78. Downing R, Scharp DW, Ballinger WF: An improved method for the
isolation and identificatibn of mammalian islets of iangerhans.

Transplantation 1980; 29: 79-83

79. Horaguchi A, Merrell RC: Preparation of viable 1slet cells from
dogs by a new method. Diabetes 1981; 30: 455-458 )

80. Warnock G, Rajotte R, Procyshyn A: Normoglycemia after reflux of
islet-containing pancreé}ic fragments into the splenic vasuclar

. s 4
bed in dogs. Diabetes ‘'1983; 32: 452-459

\
3

81. Toledo—Pereyré,LH, Zammit M, et al: Inconsistency of collagenase
activity for -isolation of 1islet cells for transplantation.
Transplantation 1979; 27: 222 -

82. Mehigan DG, Zuidema GD, Cameron JL: Pancreatic 1slet
tragfplantation 1in dogs: critical factors in itechniqué\

Am.J.Surg. 1981; 208-212

83. Hinshaw DB, Jolley WB, et al: . Islet autotransplantation after
pancreatectomy for chronic pancreatipis with a new method of
islet preparation. American Journal of Surgery .1981; 142: 118-

122

-

[
84. Traverso LL, Abou-Zamzam -AM, Longmire WP: Human pancreatic cell

'autotransplantation'following totalxpancreatectomy. Ann.Surg.-‘



85.

86.

87.

88e.

89.

90.

91.

92.

1981; 193; 191-195. - .

Kretschmer GJ, Sutherland DER, Matas AJ, et al:
Autotransplantation of pancreatic islets without separation of
exocrine and endocrine tissue 1in totally pancreat%ctomized

dogs. Surgery 82: 74-81

Mehigan DG, Zuidema‘GD,‘Eggleston-JC, Cameron - JL:. Pancreatic

1slet transplantation: results in dogs with. chronic duct

- ligation. Am.J.Surg. 1980; 139: 170-174

Kostianovsky M, McDaniel ML, Still MF, Cadilla RC, Lacy PE:
vMonolayer’cell‘culture of rat islets of Langerhans. Diabetologia
1974; 10: 337-344 .
Ono J, Takaki R, Fukuma M: Preparation of single cells from
\iancreatic islets of adult rat Dby the ugse of dispése.
ndocrinol.Japon. 1977; 24: 265-270 '

Kemp CB, Knight MJ, Scharp DW, Ballinger WF, Lacy PE: Effect of

transplantation site on the results of pancretic islet isografts

in diabetic rats. Diabetologia 1973; 9: 486-491

Mehigan DG, Bell WR, Zuidema GD, et al: Disseminated
- intravascular - ‘coagulation and portal hypertension following
pancreatic islet autotransplantaion. Ann.Surg. 1980; 191: 287-
293 '

Memsic L, Busuttil RW, Traverso LW: Bleeding esophageal varices
and portal vein thrombosis after pancreatic mixed-cell

autotransplantation. Surgery 1984; 95: 238-242 S

<

Toledo—PereyrE LH: Islet cell autotransplantation: risks

complications and long—term'follow—up. Transplant Proc. 1984;
16: 829-830

145



93.

94.

95‘

Tr:verso W, Gomez RR: "ﬁ;modynamic measurements . after
administration of\nﬁrotiniﬁ and/or heparin during pancreatic cell
autotranqplantation in the dog, plg, and monkey. Ann.Surg. 1982;
195:479-485.

Warnock GW, Pancreatic Islet Transplantation: A Promising Method
for Tegating the Chronic Complications of Diabetes Mellitus.
Masters Thesis, University of Albérta, Fall. 1982

Yasunami Y, Lacy PE, Finke E: A new site for islet

trangplantation - a peritoneal - omental pouch. Transplantation

" 1983; 36: 181-182

96.

97.

98.

99.

100.

101.

102.

Madshad S, Kehlet H, Holsted J, Tronier B: Discrepancy between
plasma C-peptide and insulin response to oral and intravenous

glucose. Diabetes 1983; 32: 436~-438

Leonard RJ, Lazaron A, McEvoy RC: et al. Islet cell
transplantation. Kidney Int. 6 (Suppl) 1974; 169-178

: o

Sutherland DER: Current status of Pancreas Iand Islet
Transplantation. In Diabetes Mellitus vol. V. MR. Brownlee (ed.)
Garland STPM Press New York 1981: 273=416

Brown J, Clark WR, Makoff RK, et al: Pancreas transplantation
for diabetes mellitus. Ann.Intern.Med. 1978; 89: 951-96

Brown J, Molnar IG, Clark, et al: Control of experimental
diabetes mellitus in ta;s by transplantation of fetal pancreas.
Science 1974; 184: 1377-1379

Garvey JFW, Morris PJ, Millard PR: Early rejection of allogeneic
foetal rat pancreas. Transplantation 1979; 27: 342-344

Lafferty KJ: Immunogenicity of foreign tissues. Trahsplantation
1980; 29: 179-182 E. 1979. |

146



103.

104 .

105. -

106.

107 .

108.

109.

110.

111.

112.

27: 295-297

Najarian JS, Ascher NL Causes and management of rejection.
Transplantation Proceeding 1979; 11: 11<15

Bach FH, Goge JE, Aller BJ, et al: Past, present, and future
aspects of histocompatability. Transplantation Proceedings 1979;
11: 1207-1211

Schulak JA, Goeken NE, Nghiem DD, Corry RJ:  Effect of DR
matching eon rejection in first cadaver kidney' transplantation.

Transplantation 1982; 34: 382-384

147

Medawar PB, Simpson E: Thymus—dependent lymphocytes. Nature .

1975; 258: 106 | , /

Simpson E, Matsunaga T: Physiological function, of major

histocompatability complex macromolecules. Transplantation 1979;

Thorsby E: The human major histocompatability complex HLA: some
recent developments. Transplantation Proceedings 1979; 11: 616-
623

Mbrris PJ, Ting A: Studies of HLA-DR with relevance to renal
o é )
transplantation. Ifmunological Reviews 1982; 66: 103~131

Streilein JW, Bergstesser PR: Ia antigens and epidermal
Langerhans cells. Transplantation 1980; 30: 319-323
Alejandro A, Shienvold FL, Hajek SV, et al: Immurnocytochemical

localization of HLA-DR in human islets of Langerhéns. Diabetes
1982; 31(4): 17-22

-

. Danilovs JA, Hofman FM, Taylor CR, Brown J: Expression of HLA-Dr

antigens in human fetal pancreas tissué. Diabetes 31 (Suppl.4)
1982; 23-28 |



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Metzgar RS: Pancreas specific alloantigens. Transplantation

Proceedings 1980; 12 (Suppl 1): 123-128

Zitron IM, Ono J, Lacy PE, Davie JM: The cellular stimuli for
the rejection of established 1islet allografts. Diabetes 1981;
30: 241-246

Hirschberg H, Braathen LR, Thorsby E: Antigen presentation by
vascular endotﬁélial cells and epidermal Langerhans cells: the
role of HLA-DR. Immunological Reviews 1982; 66: 57-77 //
Mandel TE; Pancreatic islet tFansplantation. - A cliniggl
treatment of 1nsulin-depende$t diabetes? Immﬁnology"TOdéy 1982}t
3: 175-177

Lacy PE, Davie JM, Finke EH, d&harp DW: Prolongation of {islet
allograft survival. Transplantation 1979; 27: 171-174

Lacy PE, Davie JM,  Finke EH: Induction of rejection of
‘successful allografts of rat islets by donor peritoneal exudate

cells. Transplantatign V979; 28: 415-420°

Janney CG, Davie JM," Lacy PE, Finke FH: Characterization of

lymphogyfes from rejected and nonrejected 1islet xenografts.
Transplantation 1982; 33: 585-587

Simeonovic CJ, Bowen KM, Kotlarski I, Lafferty KJ: Modulation of
tissue immunogenicity by organ culture. Comparison. of adult

islets and fetal pancreas. Transplantation 1980; 30: 174-179

]
q

Prowse SJ, Lafferty KJ, Simeonovic CJ, et al: The reversél of

dlabetes by pancreatic islet transplantation. Diabetes 1982; 31
(Suppl.4): 30-37 '

Mandei TE, Hoffman L, Collier S, et al: Organ culture of fetal

mouse and fetal human pancreatic 1islets for allografting.

148

o



123.

124.

125.

126.

127,

128.

129.

130.

131.

Diabetes 3 1982 1(Suppl.4):39-47

Lacy PE, Davie JM, Finke EH: Prolongation of islet xenograft
survival. Diabetes 1981; 30: 285-291

. ¥
Opelz G, Terasaki P: Lymphocyte antigenicity loss with retention
of responsiveness. Science 1974; 184:464

g

Rabinovitch A, Alejdndro R, Noel J, et al: Tissue culture

reduces la antigen bearing cells in rat islets and prolongs islet

allograft survival. %élhbetes 1982; 3lb(Supp1.4): 48-54

Parr EG, Bowen KM, Laffefty KJ: Cellular changes in cultured

mouse thyroid glands and 1islets of Langerhans. Transplantation
1980; 30: 135-141

Faustman D, Lacy PE, Davie JM: Transplantation without

immunosuppression. Diabetes 1982; 31 (Suppl.4): 11-14 ‘
Hart = Fabre J: Demonstration and characterization of Ia-
positiwe iendritic cells in the interstital connective tissue of

rat heart and other tisshee;»put not brain. J.Exp.Med. 1981;

153:347-61 P
Long JA, Britt LD, Olack BJ, Scharp DW: Autotransplantation of
isolated canine islet cells Transplant.Proc. 1983; 15: 1332-1337

Theodorou NA, Howell SL: An assessment ‘of diffusion chambers for
use in pancreatic islet transplantation. Transplantation 1980;
27: 350-353

Sun AM, Lim .F, Vanrooy H, O0O'Shea G: - Long term studies of
microencapsulated islets of Langerhans: a bioartificial endocrine

pancreas. Artif Organs 1981; 5:_784—786



132.

133.

134,

136.

137.

138.

139.

140.

sy

4
il

‘Whittemore AD, Chick WL, Galti PM, et al: Function of hybrid

artifical pancreas 1in diabetic ratg. Surgical Forum 28: 93-97
\
Whelchel JD, Shaw JF, Curtis JJ, et al: Effect of pretransplant

stored donor-specific blood transfusins on early renal, allograft

survival in one haploytype 1living related transplants.

Trangplantation 1982; 34: 326-329
Opelz gﬁ Senger DPS, Mickey MR, Terasaki P: Effect.of blood
transfusions on subseqpent'kidney_traneplants. 1973; 5: 253-259

Terasakl PI, Perdue S, Ayoub G, et al: Reduction of accelerated
falures by transfusion. 'Transplantation.Proceed%ngs 1982; 1l4:
251-259 '

Opelz G, and the Colloborative Tranéplant Study. Currtent

relevance of the transfusion effect in renal transplantation.
Transplant.Proc. 1985 17: 1015-1022

Klfntmalm G; Brynger H, Flatmark A, et al: The Blodd
transfusion, DR matching, and mixed lymphdcyte culture effect are
not *seen. in Cyclosporine - treated renal transplaunt recipients.

Tranéplant. Proc. 1985; 17: 1026-1031 -
¢ . : L}

1

European Multicﬁntre ﬂrial Group Cyclosporin in cadaveric renal

Q&h a mnulticentre trial.

. ,' o
“5%
TS I
v, Iy IR

o

fmmunologic risk
15:

»E;on n tigates

A Van Leeuwen A Van Rood JJ¥ HLA-linked lymphocyte
detérminants. Immunologicalgreviews 1982; 66:79-101

' e

150



151
141. Morrow CE, Sutherland DER, Steffes MW, et al: HLA antigen class:

_effect on mouse islet allograft rejection. Science 1983; 219:
1337-1339 '

142. Reckard CR, Ziegler MM, Barkgr CF: Physiological and
immunological consequences of transplanting isolated pancreatic
islets. Surgery 1973; 74:91-99

5

143. Naji A, Barker CF, Silvers WK: Relative vulnerability of
pancreatic 1slets, parathyroid, and gkin allografts‘to cellular
and humoral immunity. Transplantation Proceedings 1979; 11: 566—
562

144. Barker CF, Naji, A, Silvers,WK: Immunologlic problems 1in islet
transplantation. Diabetes 1980; 24: 86-92 .

145. Reckard'CR, Stuart FP, Schulak JA: Immunological comparisons of
- {solated pancreatic islets and whole-organ allografts.

Transplantation Proceedings '1979; 11: 563-566

146. Bell PRF, Wood RMF, Peters M, Nash JR: Comparison of various
methods of {mmunosuppression in 1slet cell transplantation.

Transplant.Proc. 1980; 12: 291-293

u h - P
o il
147. Nash JR, Bell PRF. Effect of macrophage suppression on the
. survival of islet dllografts. Transplantation Proceedings 1980;-

11: 968-988

148. Thomson AW: Carrageenan-review ‘of immune effects. Agents

Actions 1981; 11: 265-273 :

°

149. Borel JE: Comparative study of in vitro and in vivo drug effects
‘on cell mediated immunity. Immunology 1976; 31: 631-641

150. Doria G, Agarossi G, Adorin L: Selective effects of ionizing
)
radiation on immunoregulatory cells. Immunological Reviews 1980;
4

-



AN o

\
\‘.

© 65: 23-53

151:\\Britt ID,‘Schérﬁ DW, Lacy PE, Slavin S: Transplantation of islet

cells across major histocompatability barriers after -total

. - j .
lymphoid irradiation and infusion of allogeneic bone marrow

cells. Diabetes 1982; 31: 63-68 i
‘ | | D

152. Najarian jS,'Ferghsoh'RM; Sutherland DER, Slavin S, Kim T, Kersey

J, Simmons RL: .Fractionated total lymphoid irradiation as
preoperative immunosuppression in high risk renal
transplantation. Ann.Surg 1982; 196: 442-452 0

) i * . ‘ i . : . ) - .

153. Lum CT,' Sutherland DER, Eckhardt J, et al: Effgct of an

. ~ adenosine deaminase - inhibitor on survival of mouse pancreatic

islet allografts. Tranéplgntation 1979; 27: 355-357

v

i

154. Glazér RI: lvAdenosiné  deaminase  inhibitors. Cancer: -

152

Cheotiother,Pharmacol. 1980; 4: 227-235

<5
?

155. Ruers TJM, Vander Linden CJ, Buurman WA, Koostra G: 2

3

deoxycoformycinE a 'new' immunosupressive drug with 'a potency

comparable to cyclosorine. Transplant.Proc. 1985; 17: 1333-1335

156. Turk JL barker'D: Effect of cycldphosphamide on immunologicaly

control mechanisms. Immunological Reviews 1982; 65:113

- 157. Mﬁrray JE,- Merrill JP,  Harrison JH, Wilson RE: ; ProLonged

L4

survival 6f‘puman kidney homografts by immﬁnosuppreésive@grug
therapy. N.Eng.J.Med 1963; 268: 1315-1323

p— .

158. "McMaster P, Procyshyn A, Calne RY,'Valdes R, Rolles k, Smith D:
-Prolongation of canine pancreés allografts with Cyclosporin A.
" Transplant.Proc. 1980; 12: 175-277 '

—

159. Kolb  E, Urfer K, Largiadier F: ~ [Early rejection: - of

, allotransplanted pancreatic islets in thé dog. Tr;;splantéfidn



Proceedings 11: '543-548
160. Kretschmer GJ, Sutherland DER, “Matas AJ, Najarian JS:
Preliminary experience with allotransplantation of pancreatic
fragments to the spleen of totally pancreatectomized dogs.
Transplantation Proceedings 1979; 11: 537-542
b : ’ g} ’
lerland DER, Goetz FC, Elick BA, Najarian JS: Experience with
segmental . pahcreetic ‘transplants in 45 = patlents.

1 :Transplantation 1982; 34: 330-338

)

162fl Cdpps TR, Faci AS: Corticosteroid-mediated immuno;egulation in
| “man. Immunologicai Review 1982;v6S; 133-155 .

163. NeikenFD,.xorse SI, Beyer MM, Friedman EA: Prolonged survival of
allotransplanted islet of Lgngerhans cells in the rat.
Transplantation 1976; 22:74—75" | .

164.0 Shulak - JA, Franklin W, ReckardfCR: Morphological and functional
changes  following" intreporpél islet allqgraft rejection:
irreversibility with steroid pﬁise thegapy. Surgical Foruq 1977;
28: 296 | | ‘ |

f( " .
165. Sutherland DER, Kretschmef GJ” Matas AJ Najarian JS: Experience

§ with auto and allotransplantation of pancreatic fragments to the

spleen of totally - 4 pancreatectomized dogs.\‘

Trans.Am.Soc.Artif.Intern. Organs. 1977; 23. 723-725
166. Heyworth MF: ‘Clinical éxperience with antilymphocyte serum.
Immunological Revew 1982; ﬁS: 79-97 |

4‘
b

167. Lance EM, Medawar PB, Taub BRN:  Antilymphocyte serum.
Adv.Immunol. 1973: 17:1

168. Bell PRF, Blamey'RW, Briggs JD; Castro JE, Hamilton DNH, Salaman
JS, Sells RA, Williams G, Gowans JL, Peto R, Richerds,S, Phillips

2
7o

153



£

-

. ' : Q
/AW, Weinberg AL, Freestone DS: Medical Research Council trial of
antilymphocyte globulin. Transplanéation 1983; 35: 539-545

§
o

~169. Condie RM, Waskosky KE, Hall BL, et.al: ‘Efficacy of Minnesota

A
e antilymphoblast globulin in renal . transplantation: a
' *multicenter, placebo-controlled, prospective, randomized, double-
blind study. Trans.Proc. 1985; 17: 1304 1311

170. Frangipane 1G, Barker CF, Silvers WK: Importence of weak
histocompatability factoréﬁuin~ survival of pancreatic 1slet
transplants. Surgical Forum 28: 294-296 '

171. Beyer MM, Friedman EA: Histocompatability-dependent long~term

islet of Langerhans survival induced by antithymocyte globulin.
Transplantation Proceedings 1979; XI: 1436-1439

4 :

-

172. Barker CF, Frangiapne LG, Silvers WK: Islet'transpl tation in

*aby

gedetically determined diabetes. Annals of Surgery.. ' 1977,- 186:
401-410 N

172. Kohler G, Milstein C: Continnous ‘culture‘ of fused cells

" secreting antibody of predefined specificity. Nature 1975§ 256:
495-497 | o '

173. Lorenz D, Lippert H, fanzig :E, et al: Transplantation of

’ 1501ated~ islets of Langerhans -in diabetic dogs III. Donor

selection by mixed lymphocyte reaction and immunosuppressive

,:J treatment. J. Surg.Res. 1979 79: 205- 213

P

2y

154

173. ,Calne RY: Twantyiyears' experience of immunosuppression in organ o

ktransplantation. Transplantation Proceedings 1982; 14: 91-97
™ : : . e

174. Cosimi AB: Trejtment of acute renal allograft reﬁection‘with 

OKT3 monoclonal ntibody. Transplantation 1981; 32: 535-539
/ : ' e '

y , T

175. Nelson PW, Jafférs GJ, Fuller TC, Cosimi AB, et al: Reduction of

!
‘-



177.

178.

179.

A"

"180.

181.

"182..

183.

ii84.

11: 855-859

COWY L
AR e

immune response'to OKT3 monoclonal antibody. Tf%ﬁ%plantu~Proc.
1985; 17: 644—645 .

x . . "*4,

Britton S, Palacios R: Cyclosporin A - usefullness, risks and

mechanismvof action. Immunological Review 1982; 65: 5-22
r

Keown PA, Stiller CR, Simclair MR, Carruthers G, Howson W,
Stawecki M, McMichael J, Koegler J, McKenzie N, Wall W:. The
clinical relevance of cyclosporine blood levels as measureq by

radioipmunoassay. Transplant Proc. 1983; 15: 2438-2441 ﬁ‘
: le

Calne RY: Cyclosporin. Nephron 1980; 26: 57-63 %
3

calne RY, White DJG, Pentlow BD, et dl: ‘Cyclosporin A::

155

preliminary observations in dogs with pancreatic doudenal : ’

allografts and bpatients with cadaveric tenal transplantation.

Transplantation Proceedings 1979; 11: 860-864

Gordon MY, %ipger'JW:: Selective effects of Cyclosporin A on

'colony—forming lymphoid and‘myeloi¢'Cells. ‘Nature 1979; 279:
. 433-434 g

' »

Brent L: - Immunological. manipulation: Specific mechanisms.

Transplant Proc. 1979; 11: 839-844
. ) ~

White DJG, Calne RY Plumb A: Mode of action of Cyclosporin A: 5

new immunosuppressive agent. - Transplantation Proceediﬁgs 1979;

LA

Wang BS, Heacock EH, ‘Colling KH et al: Suppressivé effects of
Cyclosporin A on, the induction of allereactivity in vitro -and in
vivo. The Journal of Immunology 1981; 127: 89- 93

o

15

Foa R: Cyclosporin A effects on T lymphocyte colony formation.w

Clin.Exp.Immunol.-1981, 45: 371 375



156

185. Kunkl A: Cyclosporin A on functional B Cell Subsets in mouse.
' L}
The Journal of Immunology 1980; 125:2526-2531

186. Bunjes D, Hardt C, Rollinghoff M: Cycldspofin A mediates
immunosuppression. of primary cytotoxic T cell “responses by
impairing release of interleukin-1 = and interleukin-2.
Fur.J.Immunol. 1981; 11: 652

187. Palacios R; Moller G: Cyclosporin A blocks receptors for HLA-DR
antigens on T cells. Nature 1980; 200: 792

\ .

188. Kostakis AJ, White DJG, Calne RY: Cytlosporin A 1in organ
transpiantation. J.Med.Sci. 1977; 5:243-280 '

189. Morris DJ:. Some experimental and clinical studies of Cyclosporin
A in renal transplantation. Transplantatiom Proceedings 1982;
14: 525-528

190. Green CJ, Allison AC: Extensivé prolongation of rabbif kidney

allograft survival after shdvt—term Cyclosporin A treatment.
Lancet 1978; 1: 1182-1183

o~

191. White DJG, Calne RY: The use of Cyclosporin A immunosuppression
in organ grafting. Immunological Review 1982; 65: 115-131

192. Neuhans P, Borleffs JCC;%Marquet RL, Balner H: Results of kidney .
transplants in rhesugf ﬁbnkeys treated with Cyclosporin A and

standard immunosuppression. Transplantation Proceedings 1982;
14: 111-112 o

:193. Homan WP, French MG, Fabre JW, et al: The interaction of
Cyclosporin‘ A with other immunosuppressive agents 1in dog

recipients qf renal allografts. .Transplantation Proceedings
1980; 12: 287-290



194.

195.

196.

197.

198.

199.

200.

201.

202.

“allografts. Transplantation 1982;.34: 36~45

v

Norin AJ, Emeson EE, Karmholz S1, et al: Cyclosporin A as the
initial immunosuppressive agent for canine lung transplantation.

Transplantation 1981; 34: 372-375

]

Veith FJ, Norin AJ, Montefusco CM, et al: Cyclosporin A ‘in

experimental 1lung transplantation. Transplantation 1981; 32:
474-481 |

f? N - _ﬁ ) "‘ - . .
. e
Reitz BA, Beiber CP, Raney AA, et al: nth%;opic heart and

oY

‘combined heart lung transplantation with;ﬁﬁygidsporin A 1immune

£y
DN -4

suppression. Transplantation Proceedings 1982[ '13:, 393-396 #

Sells RA: A prospective randomized substitive trial of
Cyclosporine as a prophylactic agent in human renal transplant
rejectlon. Transplant.Proc. 1983; 15: 2495-2500

ks
-

The Canadian Multicentre Transplant Study Group: A randomized
clinical trial of Cyclosporine " in cadaverjic renal

transplantation. New.Eng.J.Med. 1983; 309: 809-815-

Starzl TE, Hakala TR, Rosenthal JT, Iwatsuki S, Shaw BJ Jr.: The
Colorado-Pittsburg cadaveric renal transpiantation .study with
cyclosporine. Transplant.Proc. 1983; 15: 2459-2462

Kahan BD, Van Buren CT: Lin SM, et al: ImmunOpharmacologiCal

monitoring of Cyclosporin A treated recipients of cadaveric renal

*

Najarian JS, Strand ‘M, Fryd DS, Ferguson RM, Simmons RL, Ascher

NL, Sutherland 'DES: Comparison of Cyclosporine versus

azathioprine - antilymphycyte globulin . in renal

e

transplantation. Transplant Proc. 1983; 15: 2463-2468

Sheil AGR, Hall BM, Tiller DJ, Stephen MS, Harris JP, Duggin CG,
‘Horvatu JS, Johnson JR, Rogers JR, Boulas J: Australian trial of

Cyclosporine (CsA)ﬁ%ﬁ@_'cadaveric donor renal transplantation.

A

157



O

- »
Transplant.Proc. 1983; 15:,2485—2489 :

203. Bockhorn H, Scharek WD, Hopt UT, Muller GH, Risler T: Renal
transplantation: 1is conventional therapy still justified.
Transplant. Proc. 1985; 17: 115-119 '

204. Halloram P, Ludwi; D, Parile M, Lien J, White N,.and the Canadian
Transpiant Study Group: Randomized comparisbn between
Cyclosporine and = conventinal therapy plus Minnesota
antilymphocyte globulin . in' cadaveric renal transplantation.
Transplant.Proc. 1983; 15: 2513-2516 |

205. Oyer PE, Stinson EB, Jamieson SW, Hunt SA, Perlroth M, Billingham

M, Shumway NE: Cyclosporine in cardiaé'transplantation: a ﬂ@
year follow-up. Transplant.Proc. 1983 _15: 2546-2552

206. Jamieson SW: . Recent developmenﬁ/‘ in heart and’ heart-lung
‘ transplantation. Transplant. Proc. 1985 17: 199 =203 .

207. Williams JW: Cyclosporin A in orthotopic. canine hepatic
. transplants. J.Surg.Res. 1982; 32: 576-585

208. Starzl TE, Iwatsuki S, Van Thiel DH, Gartner JC, Kitelli BJ,
Malatack JJ,-Schade RR, Shaw BW Jr., Hakala TR, Rosenthal JT:
Report of Colorado-Pittsburgh- liver transplantation sgtudies.
Transplant.Proc. 1985; 17: 250-258

209. Starzl TE, Iwatsuki S, Shaw BW Jr., Gordon RD: Orthotopic liver
transplantation in 1984 . Transple\zﬁt.Proc’}- 1985; 17: 250-248
3 . ) . :
210. Craddock GN, Nordgren SR, Reznick RK, Gilas T, Lossing AG, Cohen
J, Stiller CR, Cullen JB, Langer B: Small bowel transplantation
in the dog_using Cyclosporine. Transplantation 1983; 35: 284-288

211. Ricour C, Revillon Y, Arnaud-Battandier F, Ghnassia D, Weyne P,
Lauffenbirger A, Jos J, Fontaine JL, Gallix P, Viaman M:

Successful  small  bowel  allografts’ .in  piglets using

158



212.

213. -

214,

215.

216.

217.

218.

Cyclosporine. Transplant.Proc. 1983; 15: 3019-3026

Deltz E, Ulrichs K, Engemann R, Schack T, Friedrichs B, Muller-
Ruckholtz W, Muller—Hermelink HK, Thied A: ' Prevention of graft-
versus—host reaction following small bowel transplantation by
temporary Cyclosporine treatment. Transplant.Proc. 1983; 15:
3027-3031 B |
Kirkman RL, Madera Jt, Lear PA, Ytheir A: The utility of
Cyclosporine A in small-bowei transplantation. .Transplant.Proc.
1985; 17: 1401-1402 | 5

Black KE, Hewitt CW, Fraser LA, Osborne JG, Achauer BM, Martin
Dc; Furnas DW: Cosmas and Damian 1n the 1laboratory.
N.Eng.J.Med. 1982; 306: 368-369

Furnas DW, Black' KS, Hewitt CW, Fraser LA, Aghauer BM:
Cyclosporine and 1long-term survival of composite tiSSUé
allografts (limb transplants) 1in rats (with hiétorical.notes on
the role of plastic shrgeons in allotransplantation).
Transplant.Proc. 1985; 17: 3063-3068 o

Penn I: Lymphomas cgmplicating organ transplantation.
Transplant.Proc. 1983; 15: 2790-2797

Calne RY, White B, Thizu S: Cyclosporin A in patients receiving
renal allografts from cadaver donmors. Lancet 1978; 2: 1323

. A
Hanto DW, Frizzera G, Purtilo DT, Sakamoto K, Sullivan JL,
Saemundsen AK, Klein G, Simmons RL, Najarian JS:  Clinical

spectrum - of lymphoproliferative syndromes in renal transplant

recipiénts and evidence for the role of Epstein-Barr virus.-

Cancer Res. 1981; 41: 4253-4261

219.

Hanto DW, Frizzera G, Gajl-Peczalska KJ, Balfour HH Jr., Simmons

159



220.

221.

222.

223.

224,

225.

226.

227.

RL, Najarian JS: Acyclovir therapy of Epstein-Barr virus-induced
posttransplant lymphoproliferative diseases. Transplant. Proc.
1985; 17: 89-92 | '

Rosenthal JI, Iwatswki S, Starzl TE, Taylor RJ, Hakala TR:
Histiocytic lymphoma in renmal transplant patients recelving
Cyclosporine. Transplant.Proc. 1983; 15: *2805-2807 ' iy
Calne RY: Cyclosporin A in clinical organ grafting. B.M.J.
(ClinRes.) 1981; 282: 934-936

Starzl T, Klintmalm G, Porter KA: Liver transplantatioﬁ with the
use of Cyclosporin A and prednisone. N.Eng.J.Med. 1981; 305: 266

"d'Ardrenne AJ, Dunnill MS, Wood RFM, Thompson ‘JF, Morris PJ:

Cyclosporine.&reatment does not cause specific histoloﬁic changes

in human renal allografts. Transplants.Proc. 1985; 17: 1166-1167

Klintmalm GB: Néphrotoxicity of Cyclosporin A in i1%er and

kidney transplantation. Lancet 1981; 1: 470-471

§
Canafax DM, Martel EJ, Ascher NJ, Payne WD, Sutherland ‘DER,
Simmon RL, Najarian JS: Two methods of managing Cyclosporine

nephrotoxicity: conversion to azathioprine, . prednisone, or

Cyclosporine, azathioprine; prednisone.v Transplant Proc. 1985;
17: 1176-1177

Laupacis A, for the Canadian Transplant Study Group:

Complications of Cyclosporine therapy - a comparison to

‘azathioprine. Transp%@g&iProé. 1983; 15: 2748-2753
- - 3 !

A

Brent L: Cyclosporin A discussion of its clinical and biological
attributes. Transplantation Proceedings_1980; 12: 234-238

4

160



228.

229.

230.

231.

232.

233.

234.

235.

236.

Rynasiewicz JJ, Sutherland DER, Ferguson RM, et al: Cyclosporin

A for immunosuppression: Observations 1in rat heart, pancreas,

and 1slet allograft models and in human renal and pancreas

transplantation. Diabetes 1982; 3 (Suppl.4): 92-107 .

Squifflet JP, Sutherland DER, Rynasiewicz JJ, et al: Combined

immunosuppressive therapy with Cyclosporin A and azathioprine.

Transplantation 1982; 34: 375-318

Veith FJ, Norin AJ, Montefusco CM, et al: Cyclosporine A in

experimental lung transplantation. Transplantation 1981;" 32;

474-481

Ringden 0, Collgte H, Klintmalm G, et al. Cyclosporin A in high
risk remal transplant reciplents with azathioprine intolerance.

Transplaﬁtation Proceedings 1982; 14: 100-102 .
14

Garvey JFW, McShane P, Poole MD, et al: The effect of
Cyclosporin A on experimental pancreas allografts +An the rat.

Transplantatiod Proceedings 1980; 12: 266-269

Rynasiewicz JJ, Sutherland DER, Kawahara K, et al: Cyclosporin A
prolongation of segmental pancreatic and 1slet allograft

functionin rats. Transplantation Proceedings 1980; 12: 270-274

Vialettes B, Simon-MC, Lassman V, Vague PH: Prolonged survival

of allotransplanted islets of Langerhans after  Cyclosporin A

treatment in rats. Transplantation 1979; 28: 435-436
DuToit DF, Reece-Smith H, McShane P, et al: Prolongation of
segmental pancreatic allografts i1in dogs receiving Cyclosporin
A. Transplantation 1982; 33: 432-437

DuToit DF, Reece-Smith H, McShane P, et al: Effect of
Cyclosporin A on allotransplanted pancreatic fragments to the

spleen of totally péncreatectomized dogs. Transplantation 1982}

161



237.

238.

239.

240.

241.

242.

243.

244,

245,

33: 302-307

Mahoney E, Basadonna G, Maeda M, Cobb L, Merrell RC: Failure of

Cyclosporine to support islet cgll allografts in dogs. Diabetes
1984; 33: 161A (Abstr.No.618) ’

Williams MD, Walshaw R, Bull RW, Schall WD, Padgett GA, Gossain
Vv, Nachreiner RF: Effect of Cyclogporine on allotransbian;ed
pancreatic islets in DLA-MLC- qgmpatible dggs. Transplant.Prog.
1983; 15: 3004-3010

Mirkovitch VvV, - Campiche. M: Successful intrasplenic

autotransplantation of pancreatic tissue in totally’

pancreatectomized dogs. Transplantation 1976; 21: 265-269

Sutherland DER: Pancreas and’ islet transplantation; - 1.
Experimental studies. Diabetologia 1981; 20: 16%:185

Brown J, Clark WR, Molnar G, et al: Fetal pancreas
transplantation for reversal of streptozotocin-induced diabetes

in rats. Diabe;eé 1976; 25: 56-64

Meistas MT, Rendell M, Margolis S, Koarski AA: Estimation of the
secretion rate of insulin from the urinary excretion rate of c-—

peptide. Diabetes 1982; 31: 449-453

Mesmic L, Busuttil RW, Traverso LW: Bleeding esophageal varies

and portal vein thrombosis after ' pancreatic mixed-cell

‘autotransplantation. ‘Surgery 1984; 95: 238-242

Wood AJ, Mauer G, Niederberger W, Beveridge T: Cyclosporine,

pharmacokinetics, metabolism, and drug interactions Transplant.

Proc. 1983; 15: 2409-2412

.

Toledo-Pereyra LH, Gordon DA, MacKenzie GH: Transplantation ofi

islet cells. Surg.,Gynecol. and Obstet. 1984; 158: 49-56

162



246 .

247.

248.

249.

250.

251 .

252.

253.

i

Anderson A, Borg H, Hallberg A, Hellerstrom C, Sandler S, Schnell
A:  Llong term effects of Cyclosporin A on cultured mouse

pancreatic 1slets. Diabetologla 1984; 27: 66-69

Gunnarson R, Klintmalm G, Lundgren G, Wilczek H, Ostman J, Groth

CG: Deterioration in glpcose metabolism in pancreatic tfansplant

recipients. Lancet 1983; 2: 571-572

Knight MJ, Scharp DW, Kemp CB, Nunnelly SB, Ballinger WF, Lacy

PE: Effects of cold storage on the function of ‘'isolated
pancreatic islets. Cryobiology 1973; 10: 89-90

Frankel BJ, Gylfe E, Hellman B, Idalh LA: Maintenance of insulin‘

release from panéreatic 1slets stored in the cold for up to 5

weeks. J.Clin.Invest 1976; 57: 47-52

Schulak JA, Stuart FP, Reckard ‘CR: Pbysiologic aspects  of
intrasplenic autotransﬁlantation of pancreatic fragments in the
dog after 24 hours of cold storage. J,éurg.Res.'1978; 24: 125-
131 - 5

Sutherland DER, Morrow CE, Florack G, Kretschmer GJ,  Baumgartner

D, Matas AJ, Najarian JS: Cold storage preservation of 1slet and

pancreas grafts as assessed by in vivo function after

transplantation to diabetic hosts. Cryobiology 1983; 20: 138-150

¢

'Florack G, Sutherland DER, Heil .J, Squifflet JP, Najarian JS;'

Preservation of «canine segmental pancreas autografts: cold
storage versus pulsatile machine perfusion. J.Surg.Res. 1983;
34: 493-504

Anderson A: Tissué culture of isolated pancreatic 1slets. Acta.
Endocrinal. 83 1976; 205: 283-294

163



).:4 ‘dﬁgjoti? k%@ Schqrp Dq Downing R Prebcon R, Molnar CD Bé .

WF, Creider ‘H Paq@reatic 1slet bankkmg the transplantat‘. fv- ’
frozen—thawed*?,‘ iéip{www uganaplanted between centerl;gﬁw
i L X .

Cryobiology 1981 15 357 36&

. kr; ', ~y .. N SRR .
255. Rajotte . RV ‘Mazur 'ﬁ:‘ §uxviva1 ) f Yuozen-thawed fetal rat

‘ pancreases as a function ofjfhe beimeation of dimethylvsulfoxkde
and glycerol, warming rate, aé@wﬁetiwﬁige.v Cnyobioﬁ@%y 19813 18:
17-31 . F T ag

* A’w“ '&b

2564 Bank HL: A high yield method of isolation of rat islets of B
Langerhans using differential sensitivity to freezing.
Cryobiology 1983; 20: 237-244

257. Warnock GW: Pancreatic 1islet transplantation: a promisiné#”
method for treating the chronic complications of diabetes-

mellitus. M.Sc. Thesis University of-Alberta, 1982:

258. Rajotte RV, Scharp DW, Downing R, Pfeston P, Molnar GD, Ballinge;
WF: Transplantation of frozen-thawed rat iglets of Langerhans
after sucrose versus step dilution. Cryobilology 1980; 17: 618-
619 PR \
- ; S .

259. Rajotte RV, Warnock GL, Bruch LC, Procyshyn AW Transplantétion o

‘of cryopreserved and fresh rat islets and canine pancreatic ‘

fragments: Comparison of cryopreservation protqcols. .

Cryobiology 1983; 20: 169-184 S RN
260. Moorehouse JA, Grahame GR,.  Rosen NJ:, Relationsghip. bétwéﬁe 'Ei

intravenous glucose tolerance and the fasting blood glucose leveI

S

in healthy and in diabetic patients. J.Clin. Endocrinol. 1964,;:§g
241 145-159 o Py

261. Morgan CR, Lazarow A: Immunoassay of insulim: - two—aﬁtibbdyf"F’”
system. Diabetes 1963; 12: 115 S o

| N ‘ | ‘T'A S
Sternberger LA: The unlabelled antibody peroxidase-



256.

257.

WF, Grelder MH: Pancreatic islet ﬁanking:nthe trangplantation of
frozkn—thawed rat islets transplanted " between centers.
Crygi§o1ogy 1981; 18: 357-369

Kﬁjotte RV, Mazur P: Survival of frozen-thawed fetal rat
pancreases as a function of the permeation of dimethyl sulfoxide
and glycerol, warming rate, and fetal age. Cryobiology 1981; 18:
17-31

-

Bank HL: A high yield method of t%olation of rat 1slets of’
-

Langerhans using. differential sensitivity to freezing.
Cryobiology 1983; 20: 237-244

Warnock GW: , Pancreatic islet transplantation: a promising

method for treating the chronic complications of diabetes

- mellitus. M.Sc. Thesis University of Alberta, 1982:

258.

259.

260.

261.

262,

Rajotte RV, Scharp DW, Downing R, Preston P, Molnar GD, Ballinger

WF: Transblantafion of frozen-thawed rat 1islets ‘of Langerhans

after sucrose versus step dilution. Cryobiology 1980; 17: 618-

619

Rajotte RV, Warngck‘GL,‘Bruch'LC, Procyshyn AW: Transplantation
of cryopreserved and fresh rat iglets . and canine pancreatic
fragments: - Comparison of v cryopreservation ~ protocols.
Cryobiology 1983; 20: 169-184

$

S o
Moorehouse JA, Grahame dﬁﬁ“’hosen NJ: - Relationship betwen

intravenous glucose tolerance and the fasting blood glucose level .

in healthy and in diabetic patients. J.Clin.Endocrinol. 1964;
241 145-159 '
Morgan CR, Lazarod A: Immunbassay of 1insulin: two—antibody

system. Diabetes 1963; 12: 115

L4

Sternberger LA: The unlabelled antibody = peroxidase-

N

A

o

165



' 166

- o :
antiperoxidase (PAP) method. 1In Immuno‘cytocheniistry, John Wiley
o4

« and Son, New York, 1979: 104-169

.
i v
.
B
,
<
a
< et 4
.
- ! 4, N
o
J y
@ .
: l
0 eeon”
- B
o 7
. /
.
>
s
T - o
wet N . o
4
* -~
- ',
’
- 2
o \ . o
B v - » . .
" . e » P
, , ® . . , *
N " .
. >
.
N .. . ; ®
"
. .
.
‘1
.
- .
2N
. &
. ]
.
- A
AN
N ’ 4 4 1
) - Ko -
. 4P
\ )
te . N -
. . N N ! .
W R - ) "
b » v
R . s : s .
. .
D N = '
'o‘ 4
I ; Z ’ ' . L -
L3 ‘ ) L
. N - L ” w
L - - + . .
Q . - ‘A \ N " v N - A, »
N . . .
. i3 »
4 . . o Vo o .
» L . . . ¢ ‘
t N © ‘e »
P R o * ( .
; ¥ - kY . B .
LIS ¥ . > cg - »
1 . M Sy ® N ©y oo \1» <
S. PN “ &g Pt ' . * N I )8
§ < f e T
- . © - K - 3
ot 4&. . 4
4 £ ’ ) o
, \! P )
° + ! ’ .
A f
. 3 -~
. 2 ) o . @
. i s f
‘ P ° -
<



