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Background. \Whole pancreas transplantation (Tx) is a successful treatment for type 1 diabetes resulting in independ-
ence from antidiabetic therapies. Transplant-related factors contributing to pancreatic islet failure are largely unknown; both
recurring insulitis and pancreatitis have been implicated. The aim was to determine if cellular changes in islets and exo-
crine tissue are evident early in Tx, which could contribute to eventual graft failure using well-preserved tissue of grafts
explanted from largely normoglycemic recipients. Methods. Histological specimens of explants (n=31), Tx duration 1
day-8 years (median 29 d), cold ischemia time 7.2—17.3 hours (median 11.1h), donor age 13-54 years (median 38 y) were
examined; sections were labeled for inflammation, islet amyloidosis, and tissue fibrosis, and morphometry performed on
immunolabeled insulin and glucagon positive islet cells. Data were related to clinical details of donor, recipient, and features
of Tx. Results. Islet inflammation consistent with recurrent insulitis was not seen in any sample. Insulin-labeled islet cell
proportion decreased with donor age (P<0.05) and cold ischemia (P<0.01) in explants from 26 normoglycemic patients;
glucagon-labeled area proportion increased with cold ischemia (P<0.05). Clinical pancreatitis was the explant reason in 12
of 28 normoglycemic cases. Exocrine fibrotic area/pancreas was variable (0.7%-55%) and unrelated to clinical/pathological
features. Islet amyloid was present in 3 normoglycemic cases (donor ages 58, 42, and 31 y; Tx duration 8 y, 31 and 33 d,
respectively). In 1 patient receiving antidiabetic therapy, the insulin-labeled area was reduced but with no evidence of islet
inflammation. Conclusions. Explant histological changes after short-term Tx are similar to those seen in type 2 diabetes
and occur in the absence of immunologic rejection without causing hyperglycemia. This suggests that factors associated
with Tx affect islet stability; persistent deterioration of islet integrity and exocrine tissue fibrosis could impact on sustainability
of islet function.

(Transplantation Direct 2020;6: e613; doi: 10.1097/TXD.0000000000001059. Published online 19 October, 2020.)

common form (accounting for 80%-90% of all pancreas

Whole pancreas transplantation (Tx) is an effective treat-  transplants) and is offered to insulin-dependent patients
ment for patients with type 1 diabetes (T1D) and insulin- diagnosed with T1D or T2D with end—stgge renal disease.!
dependent type 2 diabetes (T2D). It is the only therapy Th? success of pancreas Tx (defined by 1ndependenc§ frorp
known to restore normoglycemia in the long-term, reduce/ antidiabetic .therapy) is high; current 5-year graft survival is
reverse diabetes-associated complications without the >70% for simultaneous pancreas-kidney transplant.® Long-
need for insulin therapy'? and provide a more success- ~ term insulin independence is more predictable in_ patients
ful sustained insulin independence compared with islet ~With good glucose tolerance at 1 year postoperation com-

Tx.? Simultaneous pancreas-kidney transplant is the most pared Wlt}_’ those with poor glucose tolerance.’ It is upclear
why impaired graft function occurs and has been attributed
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to different factors including recurrence of autoimmune insu-
litis, decreased beta-cell mass, and loss of insulin sensitivity/
obesity. Early graft failures occur in approximately 8% of
pancreas transplants as a result of localized thrombosis, acute
rejection, pancreatitis, or bleeding resulting in surgical graft
removal. Late graft failure resulting in explantation is uncom-
mon; histology of some grafts removed >1 year of Tx have
shown evidence of insulitis® (a feature of T1D) and islet amy-
loidosis (a feature of T2D).”

In Oxford, over 1000 transplants have been performed
in the last 18 years, of which 93 were explanted. Technical
and immunotherapy improvements are continuously being
developed; however, investigations of the condition of donor
pancreatic islets and how this relates to recipient endocrine
function are few and rarely quantitative.® Needle biopsies
have been used to examine pancreas Tx,>'* but these, very
small samples, obtained at some risk to pancreas integrity,
are insufficient for a representative estimation of pathological
processes. Our collection of well-preserved explant material
provided an unique opportunity to examine effects of Tx.

The aim was to examine explant pancreas to determine if
islet and exocrine cellular changes occur in the early stages
of Tx, which could inform on the mechanisms that underlie
chronic graft failure.

MATERIALS AND METHODS

Samples

A database of all pancreas explants performed in Oxford
2003-2017 was constructed, and 93 explants were identi-
fied. These samples had been collected from 699 pancreatic
transplants performed at that time. Records were screened for
pathological notes and research permissions. Histological sec-
tions of formalin-fixed pancreas from explants were obtained
from the Oxford Center for Histopathology Research and the
Oxford Radcliffe Biobank with appropriate ethical approval
for research (Oxford Regional Ethics committee; REC #09/
HO0606/5 +5), compliance with the National Human Tissue
Authority and with the Declaration of Helsinki. Only sam-
ples with well preserved and adequate pancreatic volume as
seen on hematoxylin and eosin-stained slides were included;
41 explants were examined, of which 31 were suitable for
inclusion. Pathology reports rarely indicated pancreatic sam-
ple location; samples obviously from the pancreatic head with
pancreatic polypeptide-rich islets were not included. Since
there are few differences in islet morphology in the body and
tail regions, these were considered together when known.!!

Histology

Sections were immunolabelled for insulin (Ins) and gluca-
gon (Ggn) and stained for islet amyloid with thioflavin S
(a fluorescent compound specifically binding to amyloid)
(SigmaAldrich, Welwyn Garden City, United Kingdom).
Explants were additionally immunolabelled for somato-
statin, lymphocytes (CD45), chromogranin A (CGA), cas-
pase 3, smooth muscle actin (SMA), and vimentin (vim).
Immunolabeling was visualized using fluorescently labeled
secondary antibodies (antibody information Table S1, SDC,
http://links.lww.com/TXD/A288). Fibrosis was quantified
(%fibrosis/exocrine area) on sections stained for collagen
with Sirius Red. Immunolabelled sections were mounted
in Vectashield (Vector Laboratories, Peterborough, United
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Kingdom). Fluorescent images were collected using a Biorad,
Radiance 2100 confocal microscope.

Morphometry of Fluorescently Labelled Cells/Tissue

For quantification, random sequential fields of the section
were viewed, and images collected of all islets in a section
(25-70 islets/pancreas). Islets were defined as endocrine clus-
ters containing >10 cells labeled for insulin and/or glucagon;
small endocrine cell clusters associated with ducts (so-called
nesidioblastosis) were not included. Image processing was
performed with Fiji/lmage] (version 2.0-rc-65/1.51 p) and
was automated using Image J’s endogenous language. Each
image was segmented into background, whole islet and red
(glucagon), blue (insulin), and green (amyloid) label-positive
areas. This method was developed to accurately measure
labeled and unlabeled regions of images and was validated
against a set of manually assessed images using a random-
pixel validation technique. Briefly, the user was presented with
regions of interest corresponding to candidate islets in each
field. Selection of the requisite islet was made, and the sub-
segmentation was computed using a unique threshold derived
from the area to perimeter ratio of the label-positive region.
A visual representation of the segmentation for each islet was
produced, and the associated areas were reported.

Labeling for Other Cell Types and Endocrine Cell
Characteristics

The lymphocytic marker (anti-CD45) and marker for dedi-
fferentiation (anti-vimentin) were used with a fluorophore-
labeled, tyramide amplification system (Life Technologies,
Carlsbad, CA); at least 25 islets/case were examined for
inflammatory cells in islets and vimentin in insulin+ve or
glucagon+ve cells. SMA and the apoptotic marker caspase 3
was used to determine dedifferentiation and cell death, respec-
tively. The frequency of bihormonal (Ins plus Ggn +ve) cells
was determined from at least 25 high magnification images in
each of the 3 patients with diabetes.

Statistics

%insulin positive area (%beta) and % glucagon posi-
tive area (%alpha)/islet area (see %beta, percentage by area
of islet immunolabelled for insulin; %alpha, percentage by
area of islet immunolabelled for glucagon) were calculated
for each islet; these data were not normally distributed and
were expressed as a median for each sample. To determine if
changes could be attributed to patient-related variables, data
were compared with a beta regression in R."?

RESULTS

Clinical Information

Clinical parameters (Table 1), including donor and recipient
age, body mass index (BMI), cold ischemic time (CIT), type of
the transplant, and diabetic status, were noted. The explants
were removed for different, clinically identified reasons,
including vascular complications and pancreatitis (defined as
a clinical syndrome with congruent radiographic features and
confirmed by pathological examination) (Table 1). Twenty-
nine of 31 recipients had been diagnosed with T1D at Tx
and 2 with T2D. Cohort 1 included patients with explants
<1000 days post-Tx who were normoglycemic (n=26). For
some analyses, this was subdivided into cohort 2 (explanted
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| TABLE 1. |
Explant patient details
Donor Recipient

Days in FPG/DM  Reason BMI DM %Ggn %Ins  Fibrosis
No. situ mM/L  forexplant  BMI Age (y) CIT (h) Age (kg/m? type Txtype Immunosuppres median median %exo
2 36 ND  Glbleed 27.55 36 140 37 1 SPK tac/mmf 16.34 2867 299
4 14 ND  Pancreatitis ~ 27.13 38 148 51 32.00 1 SPK tac/mmf 35.30 30.27 n/a
5 17 540  Pancreatitis ~ 30.86 34 9.5 56 30.40 2 SPK tac/mmf 14.22 3960 0.72
7 17 6.50 Pancreatitis ~ 30.67 33 105 49 28.90 2 SPK tac/mmf 14.22 59.13  10.54
8 33 ND  Pancreatitis ~ 28.40 58 138 58 24.09 1 SPK tac/mmf 6.66 6048  3.01
9 32 6.60  Pancreatitis 24.69 43 148 44 20.50 1 SPK tac/mmf 2117 5286  11.11
10 70 ND Pancreatitis 2113 40 109 37 19.00 1 PTA tac/mmf 9.34 27.16 6.66
14 27 DM Pancreatits ~ 25.00 48 na 35 24.20 1 PTA tac/mmf 32.28 39.37 528
18 23 DM Pancreatits ~ 22.89 42 88 48 27.00 1 SPK tac/mmf 28.51 2919  18.11
20 12 ND Thrombosis 24.00 18 7.4 38 25.00 1 PTA tac/mmf 9.69 61.25 5.28
22 17 ND  Enteric leak n/a 45 123 37 22.20 1 SPK tac/mmf 23.10 48.74  18.00
23 24 ND  Entericleak ~ 24.00 31 89 65 21.50 1 PTA tac/mmf 19.27 5345 1874
24 31 6.50  Thrombosis 21.93 34 94 47 25.00 1 SPK tac/mmf 13.50 4720  19.89
25 24 ND  Entericleak  27.00 41 145 50 22.30 1 PTA tac/mmf 22.70 42.66 n/a
28 32 6.50 Entericleak  25.40 45 1.0 40 24.00 1 SPK tac/mmf 16.83 49.88 1047
29 48 11.90 Bleeding 24.97 54 100 54 33.00 1 SPK tac/mmf 12.57 35.39 1.43
31 17 ND  Pancreatitis ~ 26.40 34 86 58 28.00 1 SPK tac/mmf 1510 5372 1114
32 139 9.80  Thrombosis 22.00 53 116 50 29.98 1 SPK tac/mmf 22.03 3197 730
33 1 ND  Thrombosis 24.09 44 124 49 31.00 1 PASPK tac/mmf 19.11 41.72 4.40
34 14 7.10  Pancreatitis 23.00 59 14 4 26.00 1 SPK tac/mmf 13.96 4197 1299
35 59 6.10  Pancreatitis 25.00 52 101 35 35.00 1 SPK tac/mmf 17.56 3374  15.05
36 15 4.40  Pancreatitis 27.00 37 102 47 23.00 1 SPK tac/mmf 9.96 58.09 n/a
37 25 ND Pancreatitis n/a n/a 1.4 40 24.00 1 SPK tac/mmf 12.87 54.89 n/a
38 12 520  Pancreatitis 20.56 29 124 57 34.00 1 SPK tac/mmf 20.20 48.16 n/a
39 16 6.30  Thrombosis 21.13 38 140 54 23.00 1 SPK tac/mmf 1417 50.93 n/a
58 2802 510  Bowel cancer 24.50 42 173 56 27.00 1 PAK cyc/mmf 1517 55.60  12.02
66 1050 ND  Aneurysm 20.30 13 99 37 29.90 1 SPK tac/mmf 14.38 56.65  2.32
67 131 570  Lymphoma 22.30 20 72 48 28.00 1 SPK tac/mmf 9.70 63.37  7.31
68 116 6.60  Enteric leak 18.80 52 102 29 25.00 1 SPK tac/mmf 20.39 4933 847
69 521 diabetic Pancreatitis ~ 19.30 22 15 28 19.00 1 PTA tac/mmf 27.26 0.29 9.10
82 67 6.70  Glbleed n/a 30 125 45 n/a 1 PTA tac/mmf 24.62 5027  11.22

Light shading indicates cases that remained hyperglycemic postexplant, and darker shading indicates patient receiving antidiabetic therapy at time of explant.

BMI, body mass index, kg/m?; CIT, cold ischemia time; Column 1, case number; Cyc/mmf, cyclosporin and mycophenolate mofetil; DM, diagnosed diabetes mellitus; FPG, recipient fasting plasma
glucose recorded immediately before explant procedure, mM/L; PASPK, pancreas after simultaneous pancreas and kidney; PTA, pancreas transplant alone; SPK, simultaneous pancreas and kidney;
T1D, DM-type recipient 1 Tx type; T2D, DM-type recipient 2 Tx type; Tac/mmf, tacrolimus and mycophenolate mofetil; Tx, transplantation.

for clinically defined pancreatitis, n=12) and cohort 3 those
explanted for other reasons (bleeding, thrombosis, enteric
leak, n=14). Of the remaining 5 cases (which were examined
separately), 1 patient had been receiving treatment for hyper-
glycemia for 1 month before explant (islet cell antibody nega-
tive; case no 69); 2 patients (cases no. 14 and 18) remained
hyperglycemic and hospitalized following Tx (Table 1); 1
patient was explanted at 1050 days (normoglycemic no. 66);
1 was explanted at 2802 days (no. 58).

The original pathology reports were examined for all
patients. No evidence of rejection was noted in 25 of 26 cases
in cohort 1; an inflammatory cellular infiltrate in the media of
some arteries was noted in case no. 29. Case no. 69 (hyper-
glycemic for 1 mo) was noted to have evidence of chronic
cellular rejection.

Quantitative Proportions of Islet Cells

Distribution of alpha and beta cells in islets was similar
to that previously observed in normoglycemic subjects!’!?
(Figure 1A). No islet inflammation (CD45+ve cell infiltrate)
was found in any explant; CD45+ve cells were observed in

ductal areas, in the exocrine interlobular spaces (Figure 1B)
and areas of trauma. Pancreatic weight was not available
therefore, beta-cell mass was not calculated. Beta-cell propor-
tion of islet area (%beta) decreased with donor age in cohort 1
(P<0.05) (Figure 1C). In cohort 3, %beta had a negative rela-
tionship with CIT (P<0.01) (Figure 1D) and %alpha was posi-
tively related to CIT (P<0.05) (Figure 1E). %beta and %alpha
were unrelated to each other in any cohort and were unre-
lated to Tx duration, age or BMI of recipient, BMI of donor
or the type of Tx. Islet cell proportions in the 2 Tx >1000 days
were in the normal range (%beta 56.65%, 55.60%; %alpha,
14.38%,15.17%, respectively) (Table 1) and in 2 patients who
remained hospitalized postoperatively (Tx duration, 23 and 27
d) (Table 1). Islets in the sample retrieved from a subject who
had been receiving diabetes therapy for 1 month (no. 69) had
very low %beta (0.3%) but normal %alpha (27.6%).

Fibrosis, Pancreatitis, Islet Amyloid and Changes of
Cellular Identity

Exocrine fibrosis was a prominent feature of several explants
(Figure 2A); collagen deposition was present in intralobular
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FIGURE 1. Images of labeled islets from explants and relationship of
islet cell proportions to clinical variables: (A) labeled for insulin (blue),
glucagon (red) showing normal distribution of islet cells; (B) labeling for
lymphocyte marker CD45. No positive cells were found in, or adjacent
to, islets, but many clusters of positive cells were present between
exocrine lobules (exo). C, beta%islet area declined with increasing donor
age (P<0.05) cohort 1. D, beta%islet area declined with increased CIT
(P<0.01). This analysis included explants from cohort 3; this relationship
was also significant (P<0.05) in cohort 1. E, alpha%islet area increased
with increased CIT (P<0.01) (cohort 3). CIT, cold ischemic time.
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and interlobular areas and surrounded islets. Quantitation of
Sirius red positive areas indicated variable degrees of fibro-
sis both within a pancreas and between cases (median 9.1%;
range 0.7%-19.9%) (Table 1). Fibrosis% was similar in
patients diagnosed with pancreatitis compared with cohort
3 (pancreatitis, 8.8 % = 5.4; other, 8.6% = 5.8; mean = SD) and
was unrelated to duration of Tx and all other variables. Cells
between exocrine lobules and the fibrotic areas in the exocrine
tissue were positive for SMA (Figure 2B and C).

Islet amyloidosis was present in 3 explants from normogly-
caemic subjects (Figure 2D). Amyloid-containing islets were
distributed in an exocrine lobular pattern (as seen in T2D). 1514
Two patients (cases nos 24 and 8; Table 1) had explants 31
and 33 days posttransplant from donors aged 31 and 58
years, respectively; the prevalence of islets affected was 6.2%
and 12%, and the areas of the islets affected (severity) were
21.6% and 19.2%, respectively. Amyloid was detected (20%
prevalence and 10% severity) in an explant (case no. 58)
with a longer duration of transplant (8 y) and a donor aged
42 years. There was no amyloidosis in the explant from the
patient receiving therapy for diabetes.

The somatostatin-containing delta-cell islet proportion
(somatostatin+ve) was unrelated to the changes in %beta or
%alpha or any other variables. Isolated alpha- and beta-cells
or cell clusters were present in areas of ductular proliferation
associated with pancreatitis.

To examine the possibility of endocrine cell dedifferen-
tiation or transdifferentiation, islet cells were examined for
colabeling for vimentin (a potential marker for dedifferention
of endocrine cells to fibroblasts). There was no evidence for
vimentin+ve alpha or beta cells or for bihormonal (insulin+ve
and glucagon+ve) cells. Some explants were also labeled for the
secretory granule marker CGA"Y to identify neogenic/regener-
ating primitive endocrine cells. Insulin and glucagon+ve cells
were CGA+ve as expected, but no islet cells insulin- or gluca-
gon-ve but CGA+ve were detected. Occasional caspase 3 pos-
itive cells were detected in the exocrine tissue but not in islets.

Explant pancreatic tissue provides an opportunity to exam-
ine how a normal human donor pancreas responds to Tx. We
sought to detect histological changes in islets/exocrine tis-
sue at early stages following Tx that could inform causes of
later chronic functional deterioration. Our data from cohort
1 (normoglycaemic before explant) suggest that pancreatic
changes in islets or exocrine tissue occurring post-Tx in these
patients were insufficiently severe to affect maintenance of
normal glucose tolerance; exocrine fibrosis (extensive in some
cases) can occur without affecting the islet cellular composi-
tion. Transplant duration (up to 8 y) was unrelated to any of
the morphometric data collected or other variables. The pro-
portions of islet cells (mean %beta 44.5%, %alpha 17.5%)
are in the range of published data for islets in nondiabetic sub-
jects, (mean %beta 47.5%,'¢ %beta 50%, %alpha 10%!").

All explant patients were receiving immunosuppression,
which has been considered to be deleterious for islet func-
tion®!'7; however, it is evident that graft function can be main-
tained despite immunosuppression. Recurrence of T1D and
insulitis (determined from biopsy data) at a frequency of 5.8%
of patients occurring after >1 year post-Tx has been reported
with immunosuppression therapy.'* We found no evidence of
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FIGURE 2. A, Explant stained (red) with Sirius red for collagen. Fibrotic tissue surrounded islets (outlined) and accumulated in interlobular and
intralobular spaces; scale bar 50 um. B, Cells (possibly pericytes) labeled for SMA (arrows) were present between exocrine lobules. C, SMA
positive cells in interlobular fibrotic tracts between exocrine lobules (exo). D, Islet labeled for insulin (blue) glucagon (red) and islet amyloid (green).
Islet amyloid was localized adjacent to islet capillaries at the islet periphery and in the center of the islet (green arrows). SMA, smooth muscle

actin.

lymphocytic infiltration in any islets examined (>25/case) of
our grafts most of which were from Tx periods <1 year.

The significant reduction in %beta associated with donor
age was a feature persisting after several weeks of Tx. This
suggests that either younger donors have a higher proportion
of beta cells (not described in the literature) or that organs
from younger donors are more resilient to anoxia and trauma
associated with Tx. An alternative scenario is that islet cell
proliferation occurs posttransplant in patients aged under 35
years; the existing evidence from human islets suggests that
this is unlikely since islet cell proliferation/differentiation is
low or zero after the age of about 25 years."”

Fibrosis and replacement of exocrine parenchyma are a
feature of pancreatitis®® and has been reported in allografts.!®
The acinar inflammation generated as a result of local release
of cytokines and activation of stellate cells results in increased
extracellular matrix proteins including collagen.?'?> SMA-
labeled cells were present in fibrotic areas and interlobular
spaces consistent with activated stellate cells and myofibro-
blasts.?*?2 As seen previously, distribution of fibrotic areas var-
ied both within and between cases and some of the explants
had areas of fatty tissue necrosis and calcified deposits.?>?*
Sequential explant biopsies over 5 years have demonstrated
progressively increased fibrosis and some predictive value for

loss of graft function.'® Banff grading of pancreas graft rejec-
tion? lists graft fibrosis as a rejection feature; grade I includes
fibrosis occupying <30% pancreatic tissue and grade II fibro-
sis occupying 30%—-60% of the pancreas. Ten of our cases had
>10% fibrotic area, but this was not associated with immu-
nologic rejection and did not affect the islet cellular composi-
tion or glycemia. An accurate estimation of fibrosis associated
with pancreatitis and its role in tissue rejection and graft sur-
vival would require a larger sample size than a single biopsy
or that examined in this study.

The reduction of %beta with extended CIT provides histo-
logical support for physiological data showing a relationship
between longer CIT and abnormal postoperative oral glucose
tolerance/graft failure.* The increased %alpha cell population
was statistically independent of changes in %beta and is simi-
lar to that occurring in islets in T2D!! but is of unknown cause.
There were no significant changes of islet cell populations in
the 2 patients who did not achieve normoglycemia post-Tx
suggesting that short-term exposure to intermittent periods of
hyperglycemia does not have obvious effects on islets.

The presence of islet amyloid in 3 explants from nondia-
betic subjects suggest that development of this pathology is
not restricted to older nondiabetic subjects and those with
T2D.!'h141625 Extensive islet amyloidosis (>95% of islets
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affected) has been identified in 2 pancreatic explants from dia-
betic patients 5 and 8 years posttransplant.” Islet amyloid has
also been observed in islets transplanted into the liver.?® The
number of islets affected and severity of the amyloidosis in
our explants is similar to that observed in T2D and associated
with beta-cell loss.'"'*2” However, in our cohort, amyloidosis
did not affect glycemic control. The question remains whether
the amyloidosis was present in the nondiabetic donors’ pan-
creas (aged 42, 31, and 58 y) or had developed subsequent to
Tx. The latter case would suggest that some local trauma in
the transplanted organ had initiated islet amyloid polypeptide
fibrillogenesis?® and that amyloid deposition in vivo can occur
within weeks. Since detection of islet amyloidosis is not pos-
sible in vivo from serum markers, the effect of this pathology
on graft survival cannot be easily estimated.

Changes in islet cell identity, cell proliferation, and dedi-
fferentiation can be induced by different types of trauma,
including hyperglycemia?* and pancreatitis.”**° No CGA+ve/
insulin or glucagon negative cells were found in the explants,
suggesting that endocrine neogenesis was not occurring.
Transdifferentation and dedifferentiation of islet cells are
associated with bihormonal expression of insulin and gluca-
gon and appearance of vimentin in hormone-positive cells,
respectively.?” These features were not found in our cohort
suggesting that the islet cell population was relatively stable.

The changes in proportions of islet cells (decreased %beta
and increased %alpha cells), islet amyloidosis, and increased
fibrosis are associated with and are considered by some to
be casual factors for T2D.*' It has been proposed that >60%
reduction of beta-cell proportion is required for induction of
hyperglycemia assuming that function is not compromised.?
Thus, the relatively small changes of these features in explants
from normoglycemic patients suggest that some degree of islet
pathology is present but insufficient to cause hyperglycemia.

In conclusion, Tx results in small changes in islet cell pro-
portions, which are not sufficient to affect glycemia. However,
the processes of organ selection, retrieval, and Tx impacts on
islet and exocrine integrity which, in the absence of immu-
nologic rejection, could have lasting effects on graft survival
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