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TYPE 1 DIABETES MELLITUS 

Type 1 diabetes mellitus (T1D) results from an auto-immune mediated destruction of 
the pancreatic beta-cells in genetically predisposed individuals. Auto-reactive T-cells are 
considered to play the key role in the development of the disease (1-7). The devastating 
complications of hyperglycemia including nephropathy, neuropathy, retinopathy and 
cardiovascular disease can diminish both quality of life and life expectancy. Exogenous 
insulin administration is the therapy used in T1D patients. The Diabetes Control and Com-
plications Trial has demonstrated that intensive insulin therapy results in significantly 
lowered glycosylated hemoglobin (HbA1c) levels and prevent or delay the progression 
of these secondary complications. However, intensive insulin therapy could not halt the 
development of secondary complications in all patients, and significantly increased the 
risk of severe hypoglycemic episodes leading to seizure or coma (8). Although insulin 
therapy is the therapeutic option of choice, it remains a symptomatic approach and 
more physiological regulation is required. Since auto-reactive T-cells play a crucial role 
in the pathogenesis of T1D, T-cell immunomodulation might be an attractive strategy in 
the near future to ultimately cure T1D. 

BETA-CELL REPLACEMENT THERAPY

At present beta-cell replacement is the only available therapy to cure patients from T1D. 
Pancreas transplantation has been performed since 1966. Due to increasing experience 
with technical aspects of the transplantation and the development of better immuno-
suppressive drugs solid-organ pancreas transplantation has been the most consistent 
method of beta-cell replacement. These developments resulted in sustained insulin in-
dependence, and normalization of HbA1c levels. Pancreas graft survival rates currently 
exceed 80% three year after transplantation (9-12). Controlling alloreactivity is thought 
to be of grave importance for successful pancreas transplantation outcomes. Current 
immunosuppressive regimes are mainly based on this perception. In diabetic pancreas 
transplant recipients recurrence of autoimmunity is of some concern. Recurrence of 
autoimmunity was described previously in pancreas grafts (7). 

The invasive nature of the surgery and long-term complications of immunosuppres-
sive agents limited this procedure to patients with end-stage renal failure, hypoglycemic 
unawareness or metabolic lability despite intensive insulin therapy. However, a relevant 
proportion of potential recipients for whole pancreas transplantation are not able to un-
dergo the stress of the operative procedure because of advanced cardiovascular disease. 
Transplantation of pancreatic islets provides an attractive and less invasive alternative 
to whole-organ pancreas transplantation. After procurement the islets are transplanted 
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into the portal vein and get stuck in the vascular system of the liver. The primary aim of 
islet transplantation is to provide a safer technique to justify earlier intervention prior 
to the development of secondary complications. Secondly, it gives the possibility of 
beta-cell replacement for patients with life-threatening diabetes who cannot handle the 
physical stress of whole-organ pancreas transplantation. In addition to avoiding surgical 
complications such as arterial or venous graft thrombosis and problems related to the 
exocrine duct management, pancreatic islet transplantation provides the opportunity 
to manipulate the islets prior to transplantation in order to decrease immunogenicity of 
the donor pancreas graft (13,14). Other sources, such as stem cell, precursor cell derived 
beta-cells or xenotransplantation (15) are necessary to answer the increasing demand 
for beta-cell replacement therapy. Such cells might have the potential to provide an 
unlimited source of beta-cells independent of the limited donor pool. Allogeneic islet 
transplantation into a T1D recipient is also complicated by the necessity for prevent-
ing destruction of beta-cells in the islets of Langerhans. A previous study in patients 
receiving islet transplantation demonstrated no signs of alloreactivity, and only a 
marginal increase in autoreactivity to islet autoantigens in three cases that remained 
C-peptide-positive for more than one year. In contrast, rapid failure (<3 weeks) in three 
other cases was accompanied by increases in precursor frequencies of graft-specific al-
loreactive T-cells. One recipient had a delayed loss of islet graft function (33 weeks); he 
did not exhibit signs of graft-specific alloimmunity, but developed a delayed increase in 
autoreactivity (5). 

CURRENT IMMUNOSUPPRESSIVE DRUGS

Currently used immunosuppressive drugs elicit different spectra of adverse effects. 
Major concerns are dealing with infectious complications, cardiovascular problems and 
the development of immunosuppressive related malignancies (37,38). The urge for mild 
immunosuppressive regimes becomes more important with the increasing patient and 
graft survival rates in solid-organ transplant programs and in case of considering the use 
of immunosuppression to treat auto-immune diseases. Knowledge of the mechanism 
of action and side-effects is crucial in developing new and mild therapeutics. Currently 
used immunosuppressive drugs are discussed below. Corticosteroids, calcineurin in-
hibitors, antiproliferative agents and antibody therapeutics will be discussed briefly (39) 
(Table 1 and Figure 1). 
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Corticosteroids  

Corticosteroids are nonspecific anti-inflammatory agents. They reversibly block cytokine 
and cytokine-receptor expression due to activation of both T-cells and APC’s (40,41). 
Corticosteroids are hydrophobic molecules, which makes them easily diffuse into cells 
and bind to cytoplasmic corticosteroid-receptors (42). The corticosteroid-receptor 
complexes translocate to the nucleus and attach to glucocorticoid response elements in 
the promoter regions of cytokine genes, thereby inhibiting the transcription of certain 
cytokine genes (42,43). Cytokine production of macrophages is also inhibited. This leads 
to inhibition of chemotaxis and phagocytosis. As a result of these actions steroids af-
fect the whole range of steps of the T-cell activation process. Due to their non-specific 
immunosuppressive character and hormonal actions on different tissues steroids have 
many side effects: in addition to resulting in cushing syndrome, weight gain with 
central obesity, hypertension, dyslipidemia, peptic ulcer formation and gastrointestinal 
bleeding, pancreatitis, personality changes, cataract formation, and osteoporosis with 
avascular necrosis of bone, steroids also lead to hyperglycemia progressing to steroid 
diabetes (39). The latter phenomenon is especially important in the pancreas and islet 
transplantation setting.

This wide range of side effects makes immunosuppressive regimes without cortico-
steroids desirable. 

Table 1.

Immunosuppressive agents

Pharmacologics:
- Corticosteroids

Prednisolone
- Immunophilin binding drugs

Calcineurin inhibitors (cyclosporin, tacrolimus)
Calcineurin independent (Sirolimus)

- Inhibitors of cell division/nucleotide metabolism
Non-selective antiproliferative/cytotoxic drugs (Azathioprine)
Lymphocyte selective drugs (Mycophenolate mofetil)

Biological agents:

- Polyclonal antibodies 

ATG

- Monoclonal antibodies 

anti-CD3, anti-CD25
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Immunophilin binding drugs

Calcineurin inhibitors

Cyclosporine, a small fungal cyclic peptide, and tacrolimus-FK506, a macrolid antibiotic, 
have contributed enormously towards the improved results in solid organ transplanta-
tion. Both cyclosporine and tacrolimus form complexes with proteins called immuno-
philins. Cyclosporine binds to the so-called cyclophilins, which are present in all tissues, 
and tacrolimus complex with FK506 binding proteins (FKBP) (44). These complexes 
bind to calcineurin, and thereby inhibiting IL-2 production of CD4-cells. This leads to 
the inhibition of CD4-T-cell proliferation (44). Lymphocytes show greater sensitivity to 
cyclosporine and tacrolimus compared to other tissues. This might be caused by the 
limiting amounts of calcineurin in T-cells compared to other tissue (39). 

Due to their non tissue-specific characteristics cyclosporine has many side-effects 
including acute and chronic nephrotoxicity, hypertension, increased incidence of deep 
venous thrombosis, tremor, headache, convulsions, and paresthesias of the limbs, hy-
perkaliemia and dyslipidemia. Important in T1D patients is the effect of cyclosporine on 
the glucose metabolism causing hyperglycemia, which is reversible. Also gingival hyper-

 
Figure 1.
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plasia and hypertrichosis are cyclosporine associated side effects, which are reversible 
by conversion to tacrolimus (39,45). 

Tacrolimus is a more potent drug compared to cyclosporine (46). Tacrolimus induces 
a higher incidence of diabetes mellitus and neurotoxic reaction. The incidence of hy-
pertension, hyperlipidemia, hirsutism, and gingival hyperplasia is lower compared to 
cyclosporine (47). Influencing the IL-2 pathways important in (re)activation of the 
immune system remains an interesting goal in the development of adequate immuno-
therapeutic strategies for transplantation and recent-onset T1D patients.

Calcineurin independent

Sirolimus, a macrocyclic antibiotic, is a highly potent immunosuppressive agent. 
Although it is structurally related to tacrolimus, the mechanism of action is different. Si-
rolimus prevents progression of T-cell from the G1 to the S phase by blocking signalling 
downstream IL-2R (56). Sirolimus inhibits T-cell response to cytokines and blocks lym-
phocytes proliferation at a point upstream from the antiproliferative agents. Therefore 
sirolimus should be synergistic with antiproliferative agents and calcineurin inhibitors. 
Side effects include thrombocytopenia, and leukopenia and hyperlipidaemia (39). In the 
successful Edmonton protocol for islet transplantation the immunosuppressive protocol 
consisted of daclizumab, tacrolimus and sirolimus (14). 

Inhibitors of cell division/nucleotide metabolism

This category includes drugs interfering with the proliferative machinery of proliferating 
cells including auto- and allo-reactive T-cells. Although 6-mercaptopurine, cyclophos-
phamide and metotrexate effectively inhibit lymfocyte proliferation, their use is limited 
because of their non-selective mechanism of action leading to toxicity to many tissue 
types. Azathioprine , mycophenolate mofetil and sirolimus are the currently used anti-
proliferative agents. Both Azathioprine and mycophenolate mofetil interfere with the 
purine synthesis. Sirolimus blocks signalling downstream IL-2 receptor (39). 

Non-selective antiproliferative/cytotoxic drugs

Azathioprine was used together with corticosteroids in the pre-cyclosporin era. Aza-
thioprine can be incorporated into nucleic acids where it causes feedback inhibition 
of purine metabolism. In addition several enzymes are inhibited leading to reduction 
in the synthesis of cellular DNA, RNA and proteins. Through these actions azathioprine 
blocks most T-cell functions, inhibits primary antibody synthesis, and decreases the 
numbers of circulating monocytes and granulocytes (44,48). Azathioprine is effective 
in the prevention but not the treatment of acute rejection, because it has little effect on 
established immune responses (49). 
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The main side effect of azathioprine is bone marrow depression, leading to leuko-
penia. Anemia and thrombocytopenia may also occur (44,48). Pancreatitis is the most 
important gastrointestinal side effect of azathioprine (50). Due to immunosuppression 
and diminished immunosurveillance an increased incidence of neoplasia is associated 
with the use of azathioprine (44). Since mycophenolate mofetil (discussed below) does 
not seems to be associated with an increased risk of malignancy and is more effective 
in preventing allograft rejection, mycophenolate mofetil is currently favoured above the 
use of azathioprine in transplantation settings (38).

Lymphocyte selective drugs

Mycophenolate mofetil (MMF) is a selective inhibitor of the de novo purine synthesis, 
providing inhibition of T-cell and B-cell proliferation. Activated lymphocytes depend 
more on both salvage and de novo synthesis of guanosine nucleotides than other cell 
types. For this reason MMF has both a relative selectivity for activated lymphocytes and 
a down-regulating effect on antibody synthesis (44,51-53). 

MMF elicit several side effects including gastrointestinal symptoms and viral infec-
tions. Leukopenia and thrombocytopenia are haematological side effects (44,51,54). Its 
long-term safety in humans has already been demonstrated when used for psoriasis as 
leukopenia was a very rare event with doses similar to those used in transplantation 
(54,55). Since MMF is currently investigated in combination with daclizumab (discussed 
later in the monoclonal antibody paragraph) for the treatment of recent onset T1D ( 
www.diabetestrialnet.org), this drug is of great interest for the development of immu-
notherapeutic strategies.

Biological agents

Polyclonal antibodies

Polyclonal antilymphocyte globulins are gamma-globulin fractions of serum derived 
from animals inoculated with human lymphocytes, thymocytes or cultured lympho-
blasts: namely rabbit antibodies to human lymphocytes (antilymphocyte globulin) and 
horse or rabbit antibodies to human thymocytes (horse antithymocytes globulin, rabbit 
antithymocyte globulin, and rabbit antithymocytes sera) (57,58). Polyclonal antibod-
ies has several mechanisms of action. Polyclonal antibodies bind to T-cell antigens, 
which results to depletion of circulating T-cells. Complement-dependent cytolysis and 
cell-mediated opsonisation are proposed mechanisms resulting in this depletion. ATG 
Fresenius (anti-T-cell globulins) is expected (according to the manufacturer) to be more 
selective for activated T-cells compared to ATG Merieux (anti-thymocyt globulins). In a 
retrospective study ATG Fresenius was suggested to have lower long-term toxicity (59).
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Polyclonal agents have several drawbacks. Their production technique leads to 
variable constituent of polyclonal antibodies. This unpredictability is associated with 
variable efficacy and side effects: increased risk of infection and lymphoproliferative 
disease due to overimmunosuppression, toxicity of heterologous serum prepared 
against human tissue, the presence of antibodies specific for nonlymphocyte antigen 
leading to thrombocytopenia, leukopenia, or anemia (39,60,61). Polyclonal antibody 
therapy is historically used in pancreas and kidney transplantation as induction therapy. 
Other induction protocols (e.g. monoclonal antibodies) should therefore preferably be 
compared to polyclonal induction protocols.

Monoclonal antibodies

The first monoclonal antibody (Moab) available for therapeutic use in the treatment and 
prevention of allograft rejection was OKT3 (Orthoclone OKT3; Janssen, Titusville, NJ), 
a murine Moab directed against the CD3 molecule, which is part of the TCR complex 
and functions to modulate the receptor and inactivate T-cell function. By binding to the 
TCR complex OKT3 blocks not only the function of naive T-cells but also the function of 
established cytotoxic T-cells (62). Adverse effects include a cytokine release syndrome 
(occurring in almost all patients and may be life-threatening) fever, chills, general 
weakness, hypotension and gastrointestinal side effects (63). Opportunistic infections 
like cytomegalovirus and the Epstein-Barr virus-associated posttransplant lymphopro-
liferative disorder have been reported after treatment with OKT3 (64). Because OKT3 
is a murine antibody that is highly immunogeneic it commonly induces a human 
antimurine antibody response. Human antimurine antibodies can rapidly inactivate 
and eliminate mouse Moabs by neutralization (65). Given the central role of the T-cell 
in allograft rejection most new immunosuppressive strategies have sought to inhibit 
T-cell activation. Several ligand/receptor interactions occur between the T-cell and the 
APC during antigen presentation. A range of Moabs has been developed to block these 
interactions. IL-2R blockers are the most popular, because of their theoretically specific-
ity for activated T-cells. Recently, humanized anti-CD3 antibodies (hOKT3g1(Ala-Ala) 
and ChAglyCD3) have been developed and used in anti-diabetic immunotherapeutic 
protocols (22,66,67). 

The most recent generation of IL-2R blockers are chimeric or humanized antibody 
structures that contain both human and murine components reducing their immuno-
genicity (68,69). 

The �-chain of IL-2R is not expressed on resting T-cells but is induced after activa-
tion and is necessary signal transducing (70). Because only activated T-cells express the 
IL-2R �-chain (CD25 antigen), anti- IL-2R Moabs are expected to target graft-reactive 
lymphocytes immediately after transplantation during induction therapy. An impor-
tant characteristic of anti-IL-2R Moabs is that it does not inhibit IL-2 binding to the 
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IL-2R β-chain. The β- and γ-chains can be linked by the IL-2 without the participation 
of the a-chain if sufficiently high concentrations of IL-2 are present for long enough. 
The consequence is that anti-IL-2R Moabs are designed to be used in combination with 
a calcineurin-blockers (39). Although anti-CD25 Moabs induction therapy has been 
reported to reduce the number of acute rejections after transplantation it does not 
prevent T-cell reactivity completely because some of the treated allograft recipients 
still reject their graft (71-74). Daclizumab is an almost completely humanized anti-CD25 
Moab. This antibody is well tolerated and reduces the incidence of infection or other 
adverse events (75). 

Since OKT3 is a murine antibody that is highly immunogeneic it commonly induces a 
human anti-murine antibody response. Recent developments of humanized anti-CD3 
antibodies are causing a revival of anti-CD3 therapeutic strategy. Treatment with the 
humanized anti-CD3 monoclonal hOKT3gamma1(Ala-Ala) delayed the deterioration in 
insulin production and improved metabolic control during the first year of type 1 dia-
betes mellitus in a pilot clinical trial. Recently, a phase 2 placebo-controlled trial with a 
humanized antibody, an aglycosylated human IgG1 antibody directed against CD3 (ChA-
glyCD3), involving 80 newly diagnosed patients, was conducted (67). Patients receiving 
ChAglyCD3 continued to produce their own insulin and needed less supplemental 
insulin to maintain normal blood glucose levels compared with patients who received a 
placebo. This benefit was apparent up through 18 months after the treatment, suggest-
ing the protective effect is lasting, although for how long is not yet known. Moreover, 
side effects were minor and short-lived, including flu-like symptoms. A European mul-
ticenter randomized placebo-controlled trial testing ChAglyCD3 at clinical onset of T1D 
to preserve beta-cell function has recently been completed. Evidence of clinical benefit 
of hOKT3gamma1 (Ala-Ala) (anti-CD3) and ChAglyCD3 monoclonal antibody therapy in 
recent onset type 1 diabetes has already been reported in phase I studies.

Monoclonal antibody therapeutics are of particular interest due to their expected 
specificity compared to polyclonal antibody therapeutics. 

The knowledge of the mechanisms of action of these drugs is often lacking, but is of 
grave importance for future developments of mild immunosuppressive regimes for the 
treatment and prevention of acute rejection in pancreas/islet transplantation or treat-
ment of recent-onset T1D patients.

Both pancreas and islet transplantations provide us with unique possibilities for test-
ing specificity of immunesuppressive regimens or tolerogenic strategies. Trials in both 
pancreas- and islet transplantation are exceedingly interesting for the development of 
specific immune-suppressive protocols or tolerance induction strategies applicable for 
recent onset T1D, because one has to deal with recurrent auto-reactivity too. During the 
last decades increasing experience has been obtained with immunosuppressive thera-
pies. Successful clinical outcome and milder side effects due to more selective agents 
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could make the current immunotherapy used in transplantation settings more feasible 
in recent-onset T1D. 

Control of allo- and auto-immunity is important for both pancreas and islet trans-
plantations in order to succeed. The current immunotherapeutics used in pancreas and 
islet transplantation settings are effective in reducing the number of acute rejections 
episodes, but are largely based on prevention of rejection, rather than being anti-dia-
betogenic. To develop more selective and mild immunosuppressive agents to prevent 
both allo- and auto-immunity after pancreas and islet transplantation and for future 
immunotherapy in recent-onset T1D immunological monitoring of the effect of these 
agents is essential.

IMMUNOLOGICAL MONITORING 

Immunological monitoring of trials dealing with immunotherapy in T1D and pancreas/
islet transplantation is of grave importance to evaluate the reason for success or failure. 
This emphasizes the importance of searching for tools to unravel the immunological 
pathogenesis of T1D, determine disease activity and clinical efficacy of immune therapy 
in T1D and pancreas or islet transplantation.

The development of robust and reliable T-cell assays to detect auto-immunity in T1D 
has shown to be a difficult achievement (16,17). Since our T-cell assays pointed out to 
correlate very well with clinical outcome, important tools have become available to 
unravel the pathogenesis, determine disease activity and clinical efficacy of immune 
therapy in T1D and beta-cell replacement programs in T1D patients.

Suitable T-cell assays are necessary to test the capability of inducing specific suppres-
sion or even tolerance induction of different immunosuppressive therapies in recent 
onset T1D and after beta-cell replacement. To study immunological efficacy of immu-
notherapy in T1D and after beta-cell replacement surrogate markers for insulitis and 
disease recurrence or beta-cell graft function are needed.

Surrogate markers for insulitis in T1D

Antibodies: Islet auto-antibodies have been used to predict individuals at high risk for 
T1D (18). Although we reported that T1D could develop in a patient with X-linked agam-
maglobulinemia, implying that neither auto-antibodies nor B-cell function is critically 
involved in the pathogenesis of T1D (19), auto-antibodies provided tools to identify 
the candidate targets on the beta-cells. With the identification of candidate islet auto-
antigens recognized by auto-antibodies, the search for disease-associated T-cells was 
greatly influenced. Although the pre-onset predictive value of auto-antibodies is clear, 
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titres decline variably after onset of T1D. More importantly, islet auto-antibodies have 
been found not to change with interventions that have shown clinical efficacy (1,18,20-
24). Consequently, auto-antibodies do not qualify as surrogate markers of either disease 
recurrence or preservation of beta-cell function in immune intervention studies in T1D.

T-cells: Although a recent T-cell workshop highlighted difficulties in reliability and re-
producibility of cellular assays for proliferative responses to islet auto-antigens (16,17), 
T-cell assays have been developed for the detection of T1D disease activity and transplan-
tation related immunity that correlate with clinical outcome (4,5). Auto-reactive T-cell 
reactivity against islet granules was associated with presence of insulitis in recent-onset 
diabetes, while established T1D and healthy controls showed intermediate and low 
reactivity respectively. Reactivity against the non-diabetic recall antigen Tetanus Toxoid 
was comparable for the three groups. This T-cell assay was able to distinguish between 
control and T1D patient groups (4). However, on the individual basis, T-cell proliferation 
assays did not qualify as diagnostic, due to the lack of reactivity in a considerable pro-
portion of recent-onset patients (i.e., poor sensitivity), and increased responses to islet 
auto-antigen in non-diabetic subjects (i.e., insufficient specificity) that are inherent to 
this type of technology. Nonetheless, due to the limited inter-assay variation of the assay 
in a given individual, this methodology was shown to provide useful and interpretable 
information when applied longitudinally in the context of islet reconstitution therapy. 

Surrogate markers for disease recurrence or beta-cell graft function

Autoimmunity

Antibodies: The usefulness of auto-antibodies in islet or pancreas transplantation setting 
is still controversial. A correlation between rising of GAD65 and IA-2 auto-antibody titres 
and graft loss due to recurrence of autoimmunity has been reported in pancreas trans-
plantation (25,26). Earlier progressive islet graft failure has been observed in auto-anti-
body-positive compared to auto-antibody-negative recipients of islet allografts (27,28). 
Existence of auto-antibodies in our islet transplantation recipients did not correlate with 
rejection episodes or graft function (29). Further studies are necessary to establish the 
predictive value of these antibodies in islet and pancreas transplantation settings. 

T-cells: With our auto-reactive T-cell assay recurrent auto-immunity after islet trans-
plantation was associated with progressive loss of beta-cell function. Successful restora-
tion of beta-cell function was accompanied by a lack of both allo-and auto-reactivity in 
our assays (5). 

Alloimmunity

Antibodies: A correlation between islet allograft failure and increased titres of allo-
antibodies has been reported (30). Nonetheless, existence of allo-antibodies in our islet 
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transplantation recipients is rare, despite implantation of islet allografts from up to 12 
different donors. 

T-cells: We have developed a limiting dilution analysis-assay that makes the determination 
of both helper and cytotoxic T lymphocyte precursor (CTLp) frequencies possible (31,32). 
This assay serves as excellent monitor of allograft rejection and immunotherapy in kidney, 
heart, cornea, liver and islets transplantation (33-36). Experimental conditions for the com-
bined assay have been optimized to obtain cytotoxic T lymphocyte precursor frequencies 
that are comparable to those determined in the assay routinely used in our laboratory.

Allogeneic islet transplantation can restore an insulin-independent state in C-peptide-
negative T1D patients. We reported three cases of surviving islet allografts that were 
implanted in T1D patients under maintenance immune suppression for a previous kid-
ney graft (5,29). This study compared islet graft-specific cellular auto- and allo-reactivity 
in peripheral blood from those three recipients and from four patients with failing islet 
allografts measured over a period of 6 months after portal islet implantation. Successful 
restoration of insulin secretion was accompanied by the absence of allo-reactivity, and 
only marginally increased auto-reactivity to islet auto-antigens. In contrast, rapid failure 
was accompanied by increases in precursor frequencies of graft-specific allo-reactive 
T-cells; one recipient had a delayed loss of islet graft function (33 weeks). He did not 
exhibit signs of graft-specific allo-immunity, but developed a delayed increase in auto-
reactivity. The parallel between metabolic outcome of human beta-cell allografts and 
cellular auto- and allo-reactivity in peripheral blood suggests a causal relationship. This 
study therefore demonstrates that T-cell reactivities in peripheral blood can be used to 
monitor immune mechanisms, which influence survival of beta-cell allografts in T1D 
patients. The initial study has since been expanded, and the results corroborate with our 
previous conclusions. 

OUTLINE OF THE THESIS

Knowledge of the mechanism of action of immunotherapeutic agents is important for the 
development of selective and mild immunosuppressive drugs. Although the last decades 
taught us much about these mechanisms of different therapeutic agents like corticoste-
roids, calcineurin inhibitors, antiproliferative agents and polyclonal antibodies (39), there 
is still a lack of knowledge of the mechanisms of newer monoclonal antibody therapeutics. 
In chapter 2 we describe a study of the mechanism of action of anti-IL-2 receptor blocker 
antibodies and anti-CD3 antibodies in comparison to the well known mechanism of ATG. 
All of which are of great interest in the battle against allo-and autoimmunity in both 
pancreas/islet transplantation and immunomodulation strategy developments for T1D.
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Simultaneous pancreas-kidney transplant recipients experience renal allograft 
rejection more frequently than non-diabetic patients referred for kidney transplanta-
tion alone. The consequences of acute rejection include prolonged initial or repeated 
hospitalization, as well as result in impaired graft function and reduced long-term graft 
survival (76-78). Induction therapy with ATG has proved to be an effective polyclonal 
antibody therapy to reduce the number of rejection episodes in pancreas and kidney 
transplantation programs. Although ATG is a powerful prophylactic therapy, it has many 
side effects (79-82). The efficacy of daclizumab to prevent acute rejection has been 
established in kidney, heart and pancreas transplantation (71,74,83,84). Both allo- and 
autoreactive T-cells are believed to be activated during pancreas transplantation due to 
the introduction of the pancreas and kidney allograft and new beta-cells, respectively. In 
the setting of a combined pancreas and kidney transplantation the non-selective nature 
of ATG may have the additional benefit to prevent recurrent destruction of pancreatic 
beta-cells. Due to the characteristics of daclizumab this drug might be able to prevent 
recurrent autoimmunity as well. We hypothesized that daclizumab and ATG would be 
equally effective to prevent acute rejection and restore serum glucose regulation in si-
multaneous pancreas-kidney transplant recipients. This study is presented in chapter 3.

In chapter 4, T-cell assays were used to study the effect on recurrent islet auto-
immunity and recall-immunity in pancreas transplant recipients after different antibody 
induction protocols with ATG and daclizumab. Both allo- and autoreactivity are present 
after simultaneous pancreas-kidney transplantation. The recall-immunity, on the other 
hand, is supposed to be at a resting memory state during the transplant period. ATG 
is a non-specific immunotherapy with many side-effects (79-82). To overcome this dis-
advantage, monoclonal immunoglobulins directed against specific T-cell subsets have 
been developed. Daclizumab is a monoclonal antibody directed against the low affinity 
interleukin-2 receptor alpha chain (CD25) on activated lymphocytes (85,86). As a conse-
quence daclizumab targets the activated lymphocytes and should therefore relatively 
spare the recall immunity after daclizumab induction therapy. Daclizumab theoretically 
could serve as a good alternative for the polyclonal induction therapy with ATG, pro-
vided that it affects recurrent islet autoimmunity. We tested the effect of daclizumab 
induction therapy on autoreactive lymphocytes and recall immunity compared to ATG 
induction therapy in a cross-sectional study in T1D patients successfully transplanted 
with a combined kidney and pancreas. 

Transplantation of pancreatic islets provides an attractive and less invasive alternative 
to whole-organ pancreas transplantation. Survival of the grafts will depend on several 
variables, among which the quality and quantity of the beta-cells in the donor tissue, 
as well as allo and/or auto-immune reactivity of the recipient are important (87). In 
a limited study on islet cell after kidney transplants, it has been shown that cultured 
human beta-cells can survive for more than 1 year in T1D patients on maintenance im-
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munosuppressive therapy for a prior kidney graft without the need for an increased 
immunosuppression at time of their implantation (29). Cultured islet cell grafts did 
induce allo- and autoimmune responses of variable intensity (5) whereby low responses 
were associated with long-term islet graft survival. A striking observation was the fact 
that in all cases low alloreactivity was found against HLA mismatches present on the 
islets shared with the kidney that was transplanted years before (repeated mismatch), 
even in case of a high T-cell alloreactivity against novel HLA mismatches only present on 
the islets (88). This pattern was found even when these novel mismatch and repeated 
mismatch were present on the same islet allograft. In islet transplantation programs 
sequential transplantations are often used to reach the necessary amount of beta-cells 
to become insulin independent. For this reason it is valuable to know if islets rather than 
kidney allografts can induce a similar effect on alloreactivity against HLA mismatches 
shared between sequential islet implantations in non-uremic T1D patients. If this were 
the case, it might open selection windows for subsequent islet cell grafts. In chapter 5 
the results of a pilot study on three patients each of whom received three consecutive 
beta cell implants from different donors within an interval of 2 to 6 months is described 
to address this gap in knowledge. 

Although it may appear that the next chapter of this thesis is somewhat of a different 
subject, one should consider the following. In order to appreciate the advantages of 
beta-cell replacement therapy early in the course of diabetes mellitus it is of the utmost 
importance to know the short term results and morbidity of pancreas transplantation. 
In the next chapter the surgical aspects of pancreas transplantation are discussed. In 
the early years drainage of the exocrine part was mainly achieved by bladder drainage 
techniques (89). The duodenum segment is anastomosed to the recipients’ bladder. 
Urological complications, reflux pancreatitis and hypotensive periods due to the excre-
tion of large amounts of sodiumbicarbonate occur (90-92). From the late 90’s onwards a 
shift to enteric drainage has been observed (89). Previous studies already described the 
therapeutic relevance and possible disadvantages of enteric conversion after primary 
bladder drainage. Anastomotic leakage leading to intra-abdominal infections was the 
main problem of this drainage technique (11,93-96). Historically, in our institution blad-
der drainage was the procedure of choice. With this technique, excellent survival rates 
were obtained (97,98). With a two-step approach of primary bladder drainage, followed 
by an enteric conversion short-term disadvantages of primary enteric drainage and the 
long-term bladder drainage related complications may be prevented. The effectivity and 
safety of enteric conversion still required validation and will be evaluated in this chapter. 
The complication rate, graft function, rejection rates and survival rates in patients with 
simultaneous pancreas kidney transplantation with primary bladder drainage after 
enteric conversion in the current immunosuppressive era were studied.
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