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ABSTRACT

Islet cell transplantation can cure type 1 diabetes, but allograft rejection and recurrent
autoimmunity may contribute to decreasing insulin independence over time. In this study
we report the association of allograft-specific proliferative and cytokine profiles with clinical
outcome.

Peripheral blood mononuclear cells were obtained of 20 islet recipients. Cytokine values in
mixed lymphocyte cultures (MLC) were determined using stimulator cells with graft-specific
HLA class Il. Qualitative and quantitative cytokine profiles were determined before and
after islet transplantation, blinded from clinical outcome. Cytotoxic T Lymphocyte precursor
(CTLp) assays were performed to determine HLA class | alloreactivity.

Allograft-specific cytokine profiles were skewed toward a Th2 or regulatory (Treg) phe-
notype after transplantation in insulin-independent, but not in insulin-requiring recipients.
IFNy /IL10 ratio and MLC proliferation decreased after transplantation in insulin-independent
recipients (p = 0.006 and p = 0.01, respectively). Production of the Treg cytokine IL10 in-
versely correlated with proliferation in alloreactive MLC (p = 0.008) and CTLp (p = 0.005).
Production of IL10 combined with low-MLC reactivity associated significantly with insulin
independence.

Thesignificant correlation between allograft-specific cytokine profiles and clinical outcome
may reflect the induction of immune regulation in successfully transplanted recipients. Islet
donor-specific IL10 production correlates with low alloreactivity and superior islet function.
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INTRODUCTION

Transplantation of islets of Langerhans isolated from a donor pancreas is an elegant and
minimally invasive treatment for patients with type 1 diabetes suffering from poor glyce-
mic control'? Islet isolation and transplantation techniques have gradually improved and
immunosuppressive regimens have been implemented that increase short-term success?®.
Yet, despite sustained production of C-peptide in a majority of patients, long-term outcome
defined by independence from exogenous insulin is disappointing®. Most successfully
transplanted patients show a gradual decline in graft function, prompting them to resume
insulin injection to control glycemia. The reasons for this progressive loss of graft function
are still largely unknown, but can conceivably be attributed to the transplanted islets, the
immunosuppressive regimen or the immune system of the recipient®.

Factors that may contribute to graft failure include insufficient graft size®, islet apoptosis’?,
absence of revascularization and forced homing into the liver®. Immune factors that may
be responsible for graft failure include the immediate blood-mediated immune reaction’,
homeostatic expansion of T cells', presence of anti-HLA antibodies'? and signs of recurrent
autoimmunity'. We previously demonstrated that the cellular autoimmune status prior to
transplantation is predictive for transplantation outcome’. Counterintuitively, alloreactivity
as defined by CTLp did not provide an independent correlate with islet allograft function or
survival in our aforementioned study, in spite of clear and frequent changes in CTLp allore-
activity toward the islet donors. Several explanations for this may apply: first, the alloreactive
effect could be overshadowed by islet autoimmunity through ‘determinant spreading’ of the
immune response’. Second, avidity rather than precursor frequency of alloreactive CTLs
may associate with graft survival, similar to studies in kidney transplantation'®. Third, the
immunosuppressive regimen may effectively suppress allospecific CTLs in vivo, rendering
their effect nonsignificant. Finally, HLA class Il-restricted CD4* T cells, rather than HLA class
I-specific CTLs, may serve as biomarkers of allograft rejection, and perhaps provide immune
correlates of success'. In accordance, regulatory T cells (Tregs) supposed to be involved in
promoting allograft tolerance are believed to be mainly HLA class II-restricted CD4* T cells'®".
Our present in-depth study was performed to assess the latter possibility. We studied the
cohort reported previously® for associations between T-cell alloreactivity and graft survival,
by determining graft-specific cytokine profiles in supernatants of mixed lymphocyte cultures
(MLC) and subsequent correlation with cellular alloreactivity and clinical outcome.
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MATERIALS AND METHODS

PATIENTS, DONORS AND TRANSPLANTATIONS

Twenty-two patients were analyzed that received islet cell grafts from multiple donors after
signing informed consent. Patient, donor and graft characteristics were extensively described
earlier®. From this reported cohort, one patient was excluded from this study because of
pretransplant immunization with graft-specific HLA antibodies. Another case could not be
analyzed because of incomplete samples for determination of alloreactivity.

The remaining 20 patients received either one (n = 8) or two (n = 12) islet cell grafts. The
decision to inject a second f-cell graft was based on the C-peptide levels and/or variation
of fasting glycemia (CV glucose >25%) after the first engraftment®. The total number of
donors per patient ranged from 2 to 10 (6 median). Graft recipients were long-term type
1 diabetes patients with plasma C-peptide <0.09 ng/mL, large variation in blood glucose
levels (Coefficient of variation [CV] 225%),% HbA, . >7and one or more chronic diabetes le-
sions. Exclusion criteria were: body weight >90 kg, active smoking, pregnancy, disturbed
liver function tests, history of hepatic disease, presence of HLA antibodies or negative EBV
serostatus.

Donor organs were procured from multiple heart-beating donors through the Eurotransplant
Foundation (Leiden, The Netherlands) according to medical, ethical and legal guidelines.
They were processed at the Beta Cell Bank in Brussels to -cell-enriched fractions that were
cultured for 2-20 days (median 6 days). The methods for enrichment and culture were de-
scribed earlier®®2', Briefly, islet cell-enriched fractions were cultured using serum-free Ham’s
F10 medium/0.5% human albumin/135 mg/dl glucose/2 mM glutamine. After 2-20 days
(median 6 days; IQR 3-11 days) the preparations were analyzed for their 3-cell number and
purity. The final cellular composition of each B-cell graft was determined on samples that
were taken just before implantation. The total number of cells in a fraction was calculated on
the DNA content compared to the average cellular DNA content measured in sorted single
human adult -cells and duct cells. The number of 3-cells was then determined on the basis
of the percentage of insulin-positive cells. At transplantation, B-cells were injected into the
portal vein of the recipient as previously described5?'22,

Immunosuppressive induction therapy consisted of antithymocyte globulin (ATG, Fresenius,
Fresenius Hemocare, WA) with a single infusion of 9 mg/kg and subsequently with 3 mg/kg
for 6 days except when T-lymphocyte count was under 50/mm?3. Maintenance immunosup-
pression consisted of tacrolimus (Prograft, Fujisawa/Pharma Logistics, dose according to
trough level: 8-10 ng/mL in the first 3 months posttransplantation, 6-8 ng/mL thereafter)
and mycophenolate mofetil (MMF, Roche, 2000 mg/day). Patients were regularly followed
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up clinically regarding basal plasma C-peptide (glycemia 120-200 mg/dL) and need for
exogenous insulin injection.

MIXED LYMPHOCYTE CULTURES

For MLC experiments, cryopreserved PBMC from islet cell recipients that were isolated before
and up to six times in the first 18 months after transplantation were used as responder cells.
Stimulator PBMC were selected for expression of HLA specific for the islet cell donors (HLA
class | for CTLp assays (see below) and HLA class Il for MLC). Three to eight different stimula-
tors were used per patient, depending on the number of donors and HLA mismatches.

The 20 recipients were transplanted with islet cell grafts from in total 127 donors. This
accounted for a total of 190 HLA-DR mismatches with the recipients; 133 (70%) of these
were tested in our MLC and cytokine assays. A median of 90% of donor grafts were covered
per patient. For 67% of the donors, all HLA-DR mismatches with the recipient were tested.
Experiment characteristics per patient are available online in Supporting Table S1.

Both stimulator and responder cells were thawed, washed and counted. One-way MLC
were set up in triplicates in 96 well V-bottomed plates (Costar, Cambridge, MA) in 150 pL
RPMI with 2 mMol/L I-glutamine (Gibco, Paisley, Scotland) and 10% pooled human serum.
Responder cells (40 000) were incubated with 50 000 irradiated stimulator cells (irradiated
at 3000 rad) per well at 37°C/5% CO,. After 5 days, *H-thymidine (1.0 uCi per well) was added
and 16 h later *H-thymidine incorporation was measured on a {3 plate counter. Proliferation
in response to phyto-hemagglutinin was used as positive control.

QUANTIFICATION OF CYTOKINE PRODUCTION IN MLC

Production of different cytokines was measured with Luminex technology using a human
Th1/Th2 Bio-plex cytokine kit (BioRad, Veenendaal, the Netherlands), including IL2, IL4, IL5,
IL10, IL12p70, IL13, GM-CSF, IFNy and TNFa, according to the manufacturer’s protocol. Briefly,
antibody-coated cytokine-specific beads were added to 96 well Millipore plates (BioRad). Su-
pernatants taken at day 5 from graft-specific mixed lymphocyte cultures were added for 45
min at room temperature in the dark under 300 Hz shaking, allowing cytokines to bind to the
cytokine-specific beads. Subsequently, plates were washed and incubated with biotinylated
anti-cytokine detection antibody for 30 min. After washing, streptavidin PE was added for
10 min to bind to the detection antibody. Fluorescence labeling of cytokine-specific beads
was analyzed by a double-laser Bio-plex reader (Bio-Rad). Cytokine concentration was deter-
mined based on a standard curve included in each plate, using cytokine standards provided
by the manufacturer.

CYTOTOXICT LYMPHOCYTE PRECURSOR FREQUENCY
The CTLp assay has been described in detail previously'?, Briefly, cryopreserved PBMCs
from recipients from before and different time points after transplantation were cultured in
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a limiting dilution assay (40 000 to 625 cells/well, 24 wells per concentration) with different
irradiated stimulator PBMCs expressing HLA class | antigens that are also expressed on the
injected islet cell grafts (50 000 cells/well). These stimulator cells were the same as those
used in MLC. HLA class | mismatches were covered as described'. Cells were cultured for 7
days at 37°Cin 96 well round-bottomed plates in RPMI 1640 medium with 3 mM L-glutamine,
20 U/ml IL-2 and 10% pooled human serum. Next, Europium-labeled graft HLA-specific tar-
get cells (5 000 cells/well, 4 to 8 different targets) were added to the stimulator/responder
combinations for 4 h. Wells were scored positive if the Europium release through target
cell lysis exceeded spontaneous release plus 3x SD. Quantification of CTLp frequencies was
performed by specifically designed computer software®.

STATISTICS

Differences in continuous variables were calculated using Mann-Whitney U test or unpaired
t-test for nonpaired observations, based on sample distribution. Wilcoxon signed rank test
was used for paired observations. Multiple comparison correction was not appropriate for
single cytokine analyses because of the strong interrelationship between cytokines. Binary
logistic regression analysis was used to analyze differences in qualitative cytokine profiles
between insulin-independent and insulin-requiring patients. Differences in dichotomous
variables were calculated using chi-square and Fischer exact test. Significance of correlations
was analyzed using Spearman’s nonparametric correlation. In the case of inverse correlations,
inverse values (1/MLC and 1/CTLp) were correlated with IL10 by Spearman’s non-parametric
correlation on values that were non-zero. Statistical analyses were performed using Graph-
Pad Prism version 4.0 and SPSS version 14.0. P < 0.05 was considered significant.

Importantly, all assays and analyses were performed blinded from clinical outcome and cor-
related after generation and interpretation of the immunological data.

RESULTS

PATIENT CHARACTERISTICS

Twenty patients were analyzed for MHC class | and class Il-restricted alloreactivity as well
as class Il-mediated cytokine production. No differences in baseline transplantation char-
acteristics were observed between patients eventually achieving or not achieving insulin
independence (Table 1). Data points from both before and after transplantation were avail-
able for analysis in 16 out of 20 patients, allowing paired analysis when applicable; from the
other 4 patients only data from after transplantation were available that were included in
comparisons between insulin-independent and insulin-requiring patients posttransplanta-
tion.
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LL:INR Clinical and transplant characteristics of patients achieving (n=12) or not achieving (n=8) insulin
independence.

E———— Insulin-independent Insulin-requiring Saie
(n=12) (n=8)
Number of transplants (1/2) 6/6 2/6 0.37%
Total injected B-cells (10° per kg) 4.3 (3.6-5.6) 3.6 (2.7-4.1) 0.12
No. of donors 6(4-10) 6 (5-8) 0.85
No. of HLA class Il mismatches 9(6-13) 9(6-13) 0.85
% mismatches tested 74.3 (57.4-95.8) 81.0 (37.5-85.4) 0.68
% donors tested 95.0 (78.5-100) 86.2 (44.8-100) 0.43
Total ATG dosage (mg/kg) 22.4(19.8-24.6) 23.5(21.3-24.4) 0.42
Median Tacrolimus level (ng/ml), 0-12 months 9.00 (8.15-9.08) 7.85 (5.85-8.93) 0.16
Median MMF dosage (mg/day) 0-12 months 2000 (1500-2000) 2000 (1500-2000) 0.85

Data is represented as median + interquartile range. Differences between groups are calculated using Mann-
Whitney U test. * Calculated by Fischer exact test.

GRAFT-SPECIFIC CYTOKINE PRODUCTION BEFORE AND AFTER TRANSPLANTATION

Because cytokine production in MLC is a reflection of allograft-specific T-cell responses,
quantitative differences in cytokine production in response to islet donor HLA were analyzed
in patients who reached insulin independence versus insulin-requiring patients. HLA-DR
mismatches between islet donors and recipient were tested using multiple graft-specific
stimulator cells per patient on samples from before and multiple time points after transplan-
tation (available online in Supporting Table S1). To allow for comparison, the median value of
allograft-specific cytokine production of each patient before and after transplantation was
used for statistical analysis (Table 2). In insulin-independent recipients, median graft-specific

Production (in pg/ml) of graft specific cytokines before and after transplantation, stratified for trans-
plantation outcome. 3 to 8 different graft HLA-specific stimulator cells were used in MLC dependent on the num-
ber of HLA mismatches between donor and recipient. From these measurements the median value was used for
analysis, from a single timepoint before and from several timepoints in the first 18 months after transplantation.

Insulin-independent (n=10) Insulin-requiring (n=6)
p- W(rank p- W(rank
Cytokine Before After value sum) Before After value  sum)
117.5 27.3 113.1 48.9
IL2 (22.6-76.6) (14.8-103.6) 0.006 51.0 (33.6-208.8) (45.1-119.0) 0.44 9.0
1.2 0.5 1.1 0.4
IL4 (0.1-2.4) (0.2-1.0) 0.04 41.0 (0.4-1.6) (0.1-1.0) 0.06 19.0
63.8 28.2 445 253
IL5 (1.9-185.1) (5.5-49.1) 0.04 41.0 (13.4-142.9) (0.9-108.7) 0.31 11.0
24 11.5 29 23
IL10 (1.2-12.7) (4.0-28.0) 0.03 -43.0 (1.3-6.3) (1.5-12.9) 0.63 -5.0
413.3 381.9 430.1 123.9
IL13 (21.4-1337.0) (2.7-535.0) 0.08 35.0 (85.5-1501.0) (20.1-1219.0) 0.22 13.0
16.0 353 75.7 33.2
IFNy (4.7-172.1) (7.0-74.8) 0.77 7.0 (13.3-338.0) (7.7-122.9) 0.69 5.0

Data is represented as median and interquartile range. Differences between paired observations are calculated
using Wilcoxon signed rank test.
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IL2, IL4 and IL5 production decreased significantly after transplantation (p = 0.006, p = 0.04
and p = 0.04, respectively), whereas allospecific IL10 production increased (p = 0.03). Apart
from a trend for IL4, such conversions were not observed in patients failing to reach insulin-
independence. Pretransplant cellular autoreactivity, a predictor for graft failure established
earlier, was observed in 4 out of 11 insulin independent and 6 out of 7 insulin requiring
patients (p = 0.07, Supporting Table S1). Autoreactive and non-autoreactive patients elicited
comparable changes in allograft-specific cytokine production, while pretransplantation al-
loreactive IL2 production tended to be lower in nonautoreactive patients (p = 0.08).

QUALITATIVE INTERPRETATION OF CYTOKINE PROFILES

Alloreactive T cells can produce multiple cytokines upon recognition of alloantigens and
analysis of single cytokines may not provide an appropriate representation of actual immune
reactivity. The overall cytokine production pattern may give a more complete overview of
the alloresponse. For this purpose patients were attributed graft-specific cytokine profiles
based on the type and amount of cytokine production, before and after transplantation.
Importantly, profiles were independently determined by three persons, blinded from clinical
outcome. They were either marked as dominated by Th1-(dominance of IL2 (>50 pg/mL)
and/or IFNy (>50 pg/mL)), ThO-(no dominant cytokine), Th2-(dominance of IL4 (>10 pg/mL),
IL5 (>50 pg/mL) and/or IL13 (>500 pg/mL)) or Treg-cytokines (dominance of IL10 (>50 pg/
mL) in the absence of IL2 and/or IL4).

p=0.03
p=0.02 |
1
100
75
]
c = Th
= CTho
o 50 T2
[T
© I Treg
R
25-
0- -
LLpre  ILLpost ILR.pre LR. post

I Qualitative interpretation of cytokine profiles. Shown are patients with Th1 (dark grey), ThO (white),
Th2 (light grey) and Treg (black) cytokine profiles, stratified for transplantation outcome. Insulin-independent
recipients (LI, n = 10) experience a significant change in cytokine profile (p = 0.02, Wilcoxon matched pairs
test) after transplantation. Their profile after transplantation is significantly different from insulin-requiring
recipients (L.R., n = 6) (p = 0.03, binary logistic regression). Cytokine profiles were interpreted blinded from
clinical outcome.
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To compare cytokine patterns prior to and after transplantation, the 16 patients from
whom all data points were available were included in this analysis. Allospecific cytokine
profiles prior to transplantation were similar for insulin-independent and nonindependent
patients (Figure 1). After transplantation, patients who became insulin independent showed
a significant skewing toward Th2 and Treg cytokine profiles in response to alloantigen (p =
0.02), whereas transplanted patients still requiring insulin did not.

Cytokine profiles after transplantation differed significantly between insulin-independent
and insulin-requiring patients (p = 0.03). This difference remained significant (p = 0.03) after
adding those patients to the groups from whom only posttransplant profiles were available
(two in both groups, all four with ThO profile).

QUANTITATIVE INTERPRETATION OF CYTOKINE PRODUCTION AND MLC

The IFNy/IL10 ratio has previously been reported as an important measure of immune
reactivity in type 1 diabetes and transplantation®>%. Therefore, this alternative quantitative
assessment was performed comparing this ratio before and after transplantation, demon-
strating a similar pattern in changes. The median IFNy /IL10 ratio decreased significantly after
islet transplantation in recipients reaching insulin independence, (p = 0.006, W = 51.0), while
insulin-requiring recipients displayed decreases as well as stable or even increased ratios (p
= 0.56, W = 7.0) (Supporting Figure S1, available online). IFNy and IL10 genotype polymor-
phisms were not different between the groups (data not shown). Similarly, another measure
of CD4* T-cell-mediated alloreactivity, the median MLC stimulation index (SI), also decreased
significantly in insulin-independent (p = 0.01, W = 47.0) but did not reach significance in
insulin-requiring recipients (p = 0.44, W = 7.0).

CORRELATIONS BETWEEN CYTOKINE PRODUCTION AND CELLULAR ALLOREACTIVITY
To further understand the mechanisms underlying the relation between graft-specific
cytokine production and cellular alloreactivity, production of IL2, IFNy and IL10 were cor-
related for each posttransplant MLC with graft specific CD4* T-cell proliferation (MLC SI).
These analyses were performed using data from all 20 patients. The production of IL2 was
positively correlated with MLC SI (r = 0.46, p < 0.0001, Figure 2A). No such correlation was
observed between IFNy and MLC SI (not shown). In contrast, the production of IL10 was
inversely correlated with MLC SI (r = 0.23, p = 0.008, Figure 2B). An inverse correlation was
also observed between CD4-mediated IL10 production and cytotoxic T lymphocyte precur-
sor frequency (r = 0.25, p = 0.005, data not shown).

Production of IL10 larger than 50 pg/mL was seen in 19 assays, of which 16 were observed in
experiments with MLC responses below the median (S| = 8.6) and only three in experiments
with MLC responses above the median (Figure 2B, p = 0.001 by Fischer exact test). High
IL10 combined with low MLC responses was observed more often in insulin-independent
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LN Correlation of graft-specific cytokine production with cellular alloreactivity in PBMC from patients
reaching insulin independence (open circles) and recipients who still required insulin (black circles). (A)

MLC SI per experiment is significantly correlated with production of IL2. (B) Correlation between MLC Sl and
production of IL10: high proliferation is only observed in the absence of IL10 (lower right), whereas high IL10
production is only observed in patients with low proliferation (upper left). A significant inverse correlation

A

IL2 (pg/ml)

IL10 (pg/ml)

350-

300-

250-

200-

150-

100-

50

450

400+

350-

3004

N
a
-l

200-

-
I
-l

100-

50

MLC Stimulation Index

o
[e]
* o, o
[e]
° @
% o .
oo ?
L]
L]
% et © o
L]
%L°°% S
L]
o c% e % .:b °
° o o n=138
W& o ° r=0.46
p<0.0001
25 50 75 100 125
MLC Stimulation index
o
(o]
o
o
o
o
%o
)y o
&°s, n=138
&% . inverse r=0.23
PR 0 Ve o ® © p=0.008
0 25 50 75 100 125

exists between MLC Sl and IL10 (n =138, r = 0.23, p = 0.008). Median MLC Sl value = 8.6.

cases than insulin-requiring cases (13/85 MLCs, 15% vs. 3/53 MLCs, 6%). In contrast, MLC
responses above the median with low IL10 production was observed less frequently in
insulin-independent cases than insulin-requiring cases (30/85 MLCs, 35% vs. 36/66 MLCs,
68%). The difference between these proportions was statistically significant (p = 0.003 by
Fischer exact test). Consequently, alloreactivity characterized by production of IL10 associ-
ates with insulin independence, while alloreactivity characterized by high proliferation

associates with continued insulin requirement.
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DISCUSSION

Transplantation of isolated islet of Langerhans cells to cure type 1 diabetes has been implement-
ed with increasing success in recent years2 The definition and implementation of standardized
islet cell grafts warrants identification and if possible adaptation of immune factors impairing
as well as promoting graft survival'>. We previously identified the detrimental consequences for
clinical outcome of cellular autoreactivity before and after islet transplantation, whereas allore-
active CTLs were not informative. We here report distinct associations of other alloimmune end
points with favorable transplantation outcome: skewing of both qualitative and quantitative
cytokine profiles as well as decreasing CD4* T-cell-mediated proliferation are associated with in-
sulin independence. Production of IL10 was inversely correlated with proliferative alloreactivity
against the islet donors and was observed mainly in insulin-independent recipients. Acknowl-
edging that transplantation success is not limited to independence from insulin injections, this
criterion has been used previously to define correlates of graft function®'>'3,

We report on a relatively large and extensively studied cohort of islet cell transplantation re-
cipients. Despite a large number of alloantigens per transplantation resulting from the num-
ber of islet donors per implant, we succeeded in testing the vast majority of HLA mismatches
between donors and recipients for graft specific immune responses. Earlier analysis of HLA
class I-related CTLp frequency, a predictor for graft failure in other transplant settings'?-%°,
did not reveal a significant association with outcome in this patient group'. This may be
due to the presence of autoimmunity, the immunosuppressive protocol or the difference
between high and low avidity of CTLs, but our present results suggest an additional role for
mainly HLA class ll-related alloreactive cells.

Cytokine profiles before transplantation were not different between insulin-independent
and insulin-requiring recipients, implying comparable immune reactivity in immunocompe-
tent type 1 diabetic candidate recipients naive for the allograft and precluding prediction of
outcome on basis of baseline alloreactivity. Yet, after isletimplantation, insulin independence
was associated with a decrease in proliferation and IL2 production. Concomitant skewing of
cytokine profiles toward a Th2/Treg phenotype in insulin-independent patients, exemplified
by a significant increase in IL10 production, provides support for the proposed functional
role of IL10-producing cells in protective immunity in clinical transplantation3°-32,

Group size differed between insulin-independent and insulin-requiring patients. Although
this may partly explain why significant changes were observed in insulin-independent and
not in insulin-requiring patients (especially regarding the proliferation data), this does not
take aside that the reduction in MLC was more pronounced and with higher rank sum values
in patients reaching insulin independence. This was corroborated by profound changes in
cytokine profiles that were rare in insulin-requiring patients.
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IL10 is generally considered one of the major cytokines associated with active suppression
of immune reactivity®*. The immunoregulatory potential of either naturally occurring or
antigen-induced IL10-producing Tregs has been shown in the context of autoimmunity3+**
and transplantation?3¢, The inverse correlation of IL10 with CD4* and CD8* T-cell-mediated
alloreactivity, combined with the increase in IL10 if insulin independence is reached, would
suggest an important role for this cytokine in the regulation of islet allograft rejection, as
observed before with antigen-induced Tregs (Tr1 cells).

Other inhibitory pathways, mediated by, for example, TGF(3, IDO or ‘negative’ costimulation,
may contribute to immunological tolerance'®*3¢ In addition, peripheral tolerance may be
achieved by other mechanisms such as anergy, ignorance or apoptosis®. Recently, a role was
suggested for soluble IL2-receptor in regulating alloreactivity after islet transplantation®.
Induction of autoantigen-specific tolerance must be considered an additional important
immunological prerequisite for lasting islet allograft protection in a background of type 1
diabetes. Interestingly, a recent report on expansion of autoreactive memory T cells after
islet transplantation suggests a role for IL7 and IL15 in recurrence of autoimmunity'. The
memory T-cell data corroborate with earlier observations in our cohort' that suggested
insufficient suppression of preexistent autoimmunity after islet transplantation, associated
with worse graft survival. This study focused on primary alloreactivity rather than preexistent
autoimmunity. Unfortunately, expansion of alloreactive memory T cells nor production of
cytokines IL7 and IL15 was studied in this cohort, but the differences in cytokine production
between successful and less successful transplants emerging after transplantation confirms
the relevance of such analyses in the future.

In conclusion, we report the identification of immune correlates for clinical outcome of islet
transplantation. T-cell proliferation and cytokine profiles were defined that correlate with
need for exogenous insulin, representing biomarkers for immune regulation versus loss of
function in clinical transplantation. Discovery and validation of these and other immune
correlates of clinical outcome may prove valuable in the continuous effort to improve islet
allograft survival and function.

ACKNOWLEDGMENTS

This study was supported by the Juvenile Diabetes Research Foundation (grant 4/2001/434)
and the Dutch Diabetes Foundation (grant 2001.06.001). We thank Arno van der Slik for
expert technical assistance.



REFERENCES

1.

Naftanel MA, Harlan DM. Pancreatic islet trans-
plantation. PLoS Med 2004;1:e58

. Gaglia JL, Shapiro AM, Weir GC. Islet transplanta-

tion: progress and challenge. Arch Med Res 2005;
36:273-80

. Shapiro AM, Lakey JR, Ryan EA, et al. Islet trans-

plantation in seven patients with type 1 diabetes
mellitus using a glucocorticoid-free immunosup-
pressive regimen. N Engl J Med 2000;343:230-38

. Ryan EA, Paty BW, Senior PA, et al. Five-year

follow-up after clinical islet transplantation.
Diabetes 2005;54:2060-69

. Ricordi C, Inverardi L, Kenyon NS, et al. Require-

ments for success in clinical islet transplantation.
Transplantation 2005;79:1298-300

. Keymeulen B, Gillard P, Mathieu C, et al. Correla-

tion between beta cell mass and glycemic control
in type 1 diabetic recipients of islet cell graft. Proc
Natl Acad Sci U S A 2006;103:17444-49

. Emamaullee JA, Shapiro AM. Interventional

strategies to prevent beta-cell apoptosis in islet
transplantation. Diabetes 2006;55:1907-14

. Fiorina P, Vergani A, Petrelli A, et al. Metabolic and

immunological features of the failing islet-trans-
planted patient. Diabetes Care 2008;31:436-38

. Jansson L, Carlsson PO. Graft vascular function

after transplantation of pancreatic islets. Diabe-
tologia 2002;45:749-63

. Tjernberg J, Ekdahl KN, Lambris JD, et al. Acute

antibody-mediated complement activation
mediates lysis of pancreatic islets cells and may
cause tissue loss in clinical islet transplantation.

Transplantation 2008;85:1193-99

. Monti P, Scirpoli M, Maffi P, et al. Islet transplanta-

tionin patients withautoimmune diabetesinduces
homeostatic cytokines that expand autoreactive
memory T cells. J Clin Invest 2008;118:1806-14

. Campbell PM, Salam A, Ryan EA, et al. Pretrans-

plantHLA antibodies are associated with reduced
graft survival after clinical islet transplantation.
Am J Transplant 2007;7:1242-48

. Shapiro AM, Ricordi C, Hering BJ, et al. Interna-

tional trial of the Edmonton protocol for islet
transplantation. N Engl J Med 2006;355:1318-30

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

T cell alloreactivity in islet transplantation

Huurman VA, Hilbrands R, Pinkse GG, et al. Cel-
lular islet autoimmunity associates with clinical
outcome of islet cell transplantation. PLoS ONE
2008;3:2435

Lehmann PV, Sercarz EE, Forsthuber T, et al.
Determinant spreading and the dynamics of the
autoimmune T-cell repertoire. Immunol Today
1993;14:203-08

Roelen DL, van Bree FP, Schanz U, et al. Differen-
tial inhibition of primed alloreactive CTLs in vitro
by clinically used concentrations of cyclosporine
and FK506. Transplantation 1993;56:190-95

van der Mast BJ, van Besouw NM, de Kuiper P,
et al. Pretransplant donor-specific helper T cell
reactivity as a tool for tailoring the individual
need for immunosuppression. Transplantation
2001;72:873-80

Wood KJ, Sakaguchi S. Regulatory T cells in
transplantation tolerance. Nat RevImmunol 2003;
3:199-210

Waldmann H, Adams E, Fairchild P, et al. Infec-
tious tolerance and the long-term acceptance
of transplanted tissue. Immunol Rev 2006;212:
301-13

Ling Z, Pipeleers DG. Prolonged exposure of hu-
man beta cells to elevated glucose levels results
in sustained cellular activation leading to a loss of
glucose regulation. J Clin Invest 1996;98:2805-12
Keymeulen B, Ling Z, Gorus FK, et al. Implantation
of standardized beta-cell grafts in a liver segment
of IDDM patients: graft and recipients character-
istics in two cases of insulin-independence under
maintenance immunosuppression for
kidney graft. Diabetologia 1998;41:452-59
Maleux G, Gillard P, Keymeulen B, et al. Feasibility,

prior

safety, and efficacy of percutaneous transhepatic
injection of beta-cell grafts. J Vasc Interv Radiol
2005;16:1693-97

Bouma GJ, van der Meer-Prins PM, van Bree FP,
et al. Determination of cytotoxic T-lymphocyte
precursor frequencies using europium labeling
as a nonradioactive alternative to labeling with
chromium-51. Hum Immunol 1992;35:85-92
Strijbosch LW, Does RJ, Buurman WA. Computer

165



166

Chapter 5

25.

26.

27.

28.

29.

30.

aided design and evaluation of limiting and serial
dilution experiments. Int J Biomed Comput 1988;
23:279-90

Lindley S, Dayan CM, Bishop A, et al. Defective
suppressor function in CD4(+)CD25(+) T-cells
from patients with type 1 diabetes. Diabetes
2005;54:92-99

van den Boogaardt DE, van Miert PP, de Vaal
YJ, et al. The ratio of interferon-gamma and
interleukin-10 producing donor-specific cells as
an in vitro monitoring tool for renal transplant
patients. Transplantation 2006;82:844-48

van der MA, Joosten |, Schattenberg AV, et al.
Cytotoxic T-lymphocyte precursor frequency
(CTLp-f) as a tool for distinguishing permissible
from non-permissible class | mismatches in T-
cell-depleted allogeneic bone marrow transplan-
tation. BrJ Haematol 2000;111:685-94

van Besouw NM, van der Mast BJ, de Kuiper P, et al.
Donor-specific T-cell reactivity identifies kidney
transplant patients in whom immunosuppressive
therapy can be safely reduced. Transplantation
2000;70:136-43

Dolezalova L, Vrana M, Dobrovolna M, et al. Cyto-
toxic T lymphocyte precursor frequency analysis
in the selection of HLA matched unrelated
donors for hematopoietic stem cell transplanta-
tion: the correlation of CTLp frequency with HLA
class | genotyping and aGVHD development.
Neoplasma 2002;49:26-32

Salama AD, Najafian N, Clarkson MR, et al. Regula-
tory CD25+ T cells in human kidney transplant
recipients. JAm Soc Nephrol 2003;14:1643-51

31.

32.

33.

34,

35.

36.

37.

38.

39.

Meloni F, Vitulo P, Bianco AM, et al. Regulatory
CD4+CD25+ T cells in the peripheral blood of
lung transplant recipients: correlation with trans-
plant outcome. Transplantation 2004;77:762-66
Weston LE, Geczy AF, Briscoe H. Production of
IL-10 by alloreactive sibling donor cells and its
influence on the development of acute GVHD.
Bone Marrow Transplant 2006;37:207-12

Moore KW, de Waal MR, Coffman RL, et al. Inter-
leukin-10 and the interleukin-10 receptor. Annu
RevImmunol 2001;19:683-765

Arif S, Tree TI, Astill TP, et al. Autoreactive T cell
responses show proinflammatory polarization in
diabetes but a regulatory phenotype in health.
Journal of Clinical Investigation 2004;113:451-63
Battaglia M, Stabilini A, Draghici E, et al. Induc-
tion of tolerance in type 1 diabetes via both
CD4+CD25+ T regulatory cells and T regulatory
type 1 cells. Diabetes 2006;55:1571-80

Roncarolo MG, Gregori S, Battaglia M, et al.
Interleukin-10-secreting type 1 regulatory T cells
in rodents and humans. Immunol Rev 2006;212:
28-50

Clarkson MR, Sayegh MH. T-cell costimulatory
pathways in allograft rejection and tolerance.
Transplantation 2005;80:555-63

Hainz U, Jurgens B, Heitger A. The role of in-
doleamine 2,3-dioxygenase in transplantation.
Transpl Int 2007;20:118-27

Salama AD, Womer KL, Sayegh MH. Clinical
transplantation tolerance: many rivers to cross. J
Immunol 2007;178:5419-23



