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CHAPTER 5

Adaptive im m unity in pancreatic islet 
transplantation

HLA Incom patibility and Im m unogenicity of Hum an 
Pancreatic Islet Preparations Co-Cultured w ith Blood 

Cells of Healthy Donors 

Lee H. Bouwman, Zhidong Ling, Gaby Duinkerken, Daniel G. Pipeleers, Bart O. Roep

Human Immunology 66 (2005) 494-500
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A BSTRA CT

Type 1 Diabetes Mellitus (T1D) is a T-cell mediated autoimmune disease character-

iz ed by the destruction of beta cells in the pancreas. A n attractiv e nov el therapy 

for type 1 diabetes is pancreatic islet transplantation, prov ided that recurrent islet 

autoimmunity and allog raft rejection can be prev ented.

W e analysed the response of peripheral blood mononuclear cells (P B MC ) from 

healthy blood donors to human islet-cell preparations w ith a composition similar 

to that of islet g rafts used in clinical transplantation trials. It w as ex amined w hether 

the deg ree of MH C  incompatibility betw een P B MC  and donor islet cells is related to 

the deg ree of proliferativ e T-cell responses during  co-culture of H L A -matched and 

mismatched P B MC  w ith human islet cell-preparations [i.e. mix ed islet lymphocyte 

reaction (MIL R )]. 

P rominent T-cell responses w ere observ ed in the v ast majority of cases of double 

H L A  class II-mismatches. Intermediate T-cell responsiv eness w as observ ed in sing le 

H L A  class II mismatches, w hereas H L A -matches did not induce a T-cell response. 

O ur results identify the potential immunog enicity of islet preparations transplanted 

betw een H L A -DR  incompatible subjects reg ardless of an autoimmune back g round 

of the recipient.
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IN TRO D U CTIO N

Since the major histocompatibility complex (MHC) molecule plays an essential role 

in the activation of T cell responses, the genes encoding these molecules have been 

implicated in susceptibility to serve T cell mediated autoimmune diseases. Several 

HLA alleles have been shown to be major genetic risk factors in development of type 

1 diabetes. V ulnerability for type 1 diabetes is genetically dominated by the HLA 

gene region accounting for 4 2 %  of the familial inheritance of type 1 diabetes[1].

Type 1 (Insulin Dependent) Diabetes Mellitus (T1D) is an autoimmune disease 

characterized by the specifi c destruction of beta cells in the pancreas. The etiol-

ogy of T1D is multifactorial, consisting of genetic predisposition and environmental 

factors including a variety of viruses and dietary components[2 ]. It has long been 

acknowledged that T-cells play a crucial role in the immunopathogenesis of type 

1 diabetes, the hallmark of autoimmune diabetes being lymphocytic invasion of 

pancreatic islets[3 -10 ]. 

A potential therapy for diabetes is transplantation of insulin-producing beta-cells 

of isolated pancreatic islets, provided that recurrence of T-cell autoreactivity against 

islet determinants, as well as induction of alloimmunity to donor antigens, is pre-

vented[11-13 ]. This attractive and recently successful therapy for T1D is overshad-

owed by the need for permanent immune suppression. Without the administration 

of these non-specifi c and potentially harmful immunosuppressive drugs, graft failure 

seems inevitable. Islet transplantation is thus limited to diabetic patients already 

receiving immune suppression for a previous organ transplant, or to patients with se-

vere hypoglycemia unawareness or uncontrollable hyperglycemia. The introduction 

of a new glucocorticoid free immunosuppressive regime, the so-called E dmonton 

protocol, has improved the outcome of islet transplantation considerably[14 ]. This 

protocol includes sirolimus, tacrolimus and dacluzimab. All these immunosuppres-

sive drugs share the same basic q uality that they all inhibit T-cell stimulation and 

proliferation, identifying once again T-cells as key-players in this rejection process.

Prediction and prevention of ongoing beta-cell destruction after islet transplanta-

tion, resulting in long-term graft survival is of utmost importance. In order to be able 

to optimise the current islet transplantation, it is essential to study the reaction of 

T-cells to islets. 

In rat studies, it has been shown that T-cells obtained prior to islet transplantation 

can react against islet allografts in a mixed islet-leukocyte culture [15 ]. This reactivity 

was similar to that of T-cells isolated after grafting. We have previously demonstrated 

a marked increase in T-cell alloreactivity in immune suppressed type 1 diabetes pa-

tients rapidly upon implantation of human islet allografts from multiple donors[11]. 

This rise was exclusive to patients that acutely rejected the islet allograft, and absent 
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in cases of successful restoration of beta-cell function. The contribution of HLA class 

II to immunogenicity of islets was further underscored by our recent observation 

that islet autoantigens are processed and presented by vascular endothelial cells 

expressing MHC class II leading to activation of autoreactive T-cells [16 ], implying 

that MHC class II could be important in human islet graft-failure by autoreactivity[17 ]. 

Little is known about the extent that human islet preparations could be target of 

alloreactivity in relation with the degree of HLA mismatching with human healthy 

blood donors.

To evaluate the potential immunogenicity of human islet preparations under im-

munocompetent conditions, we investigated the ability of peripheral blood mono-

nuclear cells (PBMC), isolated from immunologically uncompromised healthy blood 

donors, to react human islet preparations in relation with the degree of HLA-DR 

incompatibility. Mixed islets lymphocyte cultures [18 ,19 ] were performed with a 

panel of HLA-DR matched and mismatched healthy blood donors. F or comparison, 

mixed lymphocyte reactions (MLR) using PBMC of blood donors with PBMC of the 

islet donor, were carried out and analysed in relationship to the pattern of reactivity 

found in the MILR.

M ATERIAL AND M ETH ODS

Human islet isolation and culture

Human pancreata, were obtained from organ donors (eleven preparations from 

10 donors, age 2-6 0 years) at European hospitals affi liated with ß -Cell Transplant, 

a European Concerted Action on islet cell transplantation in diabetes. Islets were 

Figure 1: Representative image of human pancreatic cell preparations immunostained for HLA-DR. Positive cells (arrow) were 

present at a low percentage (< 1% ) and occurred usually as single units. The scale bar represents 50µm. 
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prepared in the Central Unit of this multicenter program (Medical Campus, Vrije 

Universiteit Brussel) [12]. Detailed description of methods of isolation, phenotypic 

and functional characterization of the islet preparations is available elsewhere [12]. 

This study was conducted with cultured Islet cell preparations that were comparable 

to those incorporated in grafts that are implanted in patients. They are composed of 

endocrine and non-endocrine duct cells with, in average, 48 percent insulin-positive 

cells (Table 1). Their content in MHC-II expressing cells is consistently lower than 1 

percent (Figure 1). The available beta cell mass was too low for inclusion in grafts so 

that the preparations became available for approved research projects if they fulfi lled 

the legal and ethical criteria that were set for such use. The isolated islet preparations 

were cultured in Ham’s F10 medium[12] for 1-5 days before transfer to Leiden, where 

they were processed immediately for immunological studies. 

Table 1: Characterization of human islet preparations.

Donors Age Sex HLA-DR Culture 

Tim e

(days)

Cellular com position (%  total)

Exocrine Non-

granulated

Endocrine Dead Insulin 

positive

1 17 M D R4 D R6(13) 5 0 40 58 2 58

2 22 M D R2(15) D R6(13) 1 15 31 50 4 42

3 40 F D R2(16) D R3(17) 5 0 58 32 10 28

4 20 M D R4 8 0 46 50 4 42

5 12 M D R8 D R12 5 0 50 42 8 44

6 2 M D R2 D R4 4 0 28 62 10 57

7 52 M D R6 D R13 3 2 28 64 6 49

8 42 F D R1 6 0 12 82 6 61

9 48 F D R2 D R6 3 0 8 76 16 63

10a 60 M D R4 D R6 4 0 31 66 3 54

10b 60 M D R4 D R6 4 0 66 30 4 30

Peripheral Blood mononuclear cells (PBM C) isolation

PBMC were obtained from healthy blood donors visiting the blood bank in Leiden, 

the N etherlands by Ficoll separation after obtaining informed consent. 

HLA-DR typing

The HLA-DR genotypes of both blood- and pancreas-donors were determined by 

conventional genotyping in the vast majority of cases as described in detail [20]. Inci-

dentally, pancreata were HLA typed by serology only. Therefore, all HLA genotypes 

were translated to serotype to allow comparison.
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Mixed islet lymphocyte reaction (MILR)

Islet preparations in a concentration range (10.000 to 150.000 endocrine cells per 

well) were co-cultured with 150.000 PBMC per well, in micro well tissue plates (G ri-

ener) for 5 days at 37°C, 5% carbon dioxide in air. Islet preparations and PMBC were 

HLA-DR matched or mismatched. RPMI culture medium was used containing 10% 

fetal calf serum and 100 units/ml penicillin and 100 µ g/ml streptomycin. Samples 

were incubated in triplo. On day 5 [H3]-Thymidine was added to each well for 16 

hours in an end concentration of 1µ Ci/ml. The MILR response was measured by 

incorporation of [H3]-Thymidine in proliferating lymphocytes using a liquid scintilla-

tion counter (LK B Wallac, Croydon UK ). Dose-response curves differed between islet 

preparations, and optimal responses were determined individually. For standardiza-

tion and comparison between islet preparations, the MILR was considered positive 

when the signal exceeded the average signal of stimulatory cells alone plus three 

times the standard deviation.

Furthermore, in two cases a double mismatched MILR was performed, in the pres-

ence and absence of monoclonal antibodies directed against HLA-DR (B8.11.2), 

HLA-DQ  (SPV-L3) and HLA class 1 (W6.32). The human islet preparations were 

incubated in the presence of 10 µ g/ml of monoclonal antibodies directed against 

HLA-DR (B8.11.2), HLA-DQ  (SPV-L3) and HLA class 1 (W6.32).

Mixed lymphocyte reaction (MLR)

In the MLR, PBMC of both blood donors and islet donors were used. -irradiated

PBMC (3000 R) of the islet donor were incubated with blood donor PMBC in a 1:1 

ratio, 200.000 cells per well (G riener). Samples were incubated in triplicate for 5 days 

at 37°C, 5% carbon dioxide in air. On day 5 [H3]-Thymidine was added to each well 

for 16 hours in an end concentration of 1 µ Ci/ml. The MLR response was measured 

by incorporation of [H3]-Thymidine in proliferating lymphocytes. The MLR responses 

were considered positive when the signal exceeded the average signal of stimulatory 

cells alone plus 3 times the standard deviation. 

Statistical analysis

Statistical analysis for group comparison was performed using Chi-square analyses 

with two-sided Fisher exact tests. Statistical signifi cance was achieved if the P value 

was less than 0.05. Frequencies of both positive and negative MILR and MLR were 

compared with the chi-square test or the Fisher’s exact probability test.
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RESULTS

Comparison between MILR and HLA-DR haplotype

Mixed islet lymphocyte reactions (MILR) were performed with islet and PBMC prep-

arations that were HLA-DR matched, single mismatched and doubled mismatched 

(Table 2). T cell responses were exclusively seen in HLA mismatch combinations 

(p= 0.0004). In the group of double HLA-DR mismatches, 12/13 resulted in potent T 

cell proliferative responsiveness (double mismatched vs. matched: p= 0.0003). The one 

combination without reactivity involved the islet preparation with the highest percent 

endocrine cells (82%). Intermediate T cell responses were observed in 6/9 tested 

combinations with a single HLA-DR mismatch (single mismatch vs. matched: p= 0.017), 

whereas none of the 6 HLA-DR matched combinations induced a T cell response. In 

rare cases, suffi cient numbers of islets were available to allow HLA blocking studies. 

The observed T cell proliferative responses were to a large extent suppressed when 

the mixed islet lymphocyte reactions were performed in presence of a monoclonal 

antibody directed against HLA-DR, whereas no inhibition was seen with monoclonal 

antibodies directed against HLA-DQ and HLA class 1 (data not shown). 

Table 2: MILR in relation with HLA-DR matching. Indicated are positive or negative proliferative responses of HLA- 

matched, single or double mismatched PBMC of healthy donors against human islet-preparations, tested in the MILR 

(“nr.” refers to the donor number indicated in Table 1). 

MILR HLA-DR mismatches

2 1 0

POS

DR3,3 x DR4,6 (nr.1)*

DR3,3 x DR2,6 (nr.2)

DR4,10 x DR 2,3(nr.3)

DR1,8 x DR4,4(nr.4)

DR6,13 x DR2,4(nr.6)

DR3,3 x DR6,13(nr.7)

DR2,6 x DR 1,1(nr.8)

DR1,7 x DR2,6 (nr. 9)

DR 15,15 x DR 4,6 (nr.10a)

DR 1,1 x DR 4,6 (nr.10a)

DR 16,11 x DR 4,6 (nr.10b)

DR 3,7 x DR 4,6 (nr.10b)

DR6,6 x DR4,6(nr.1)*

DR 2,6(14) x DR 2,6(13)(nr.2)

DR2,2 x DR2,3(nr.3)

DR1,8 x DR8,12(nr.5)

DR2,6 x DR6,13(nr.7)

DR1,8 x DR1,1(nr.8)

NEG DR 3,7 x 1,1(nr.8) DR3,3 x DR2,3(nr.3)

DR2,6 x DR2,4(nr.6)

DR1,6 x DR 1,1(nr.8)

DR2,6 x DR2,6(nr.2)

DR2,3 x DR2,3(nr.3)

DR6,13 x DR6,13(nr.7)

DR1,1 x DR1,1(nr.8)

DR 4,6 x DR 4,6 (nr.10a)

DR 4,6 x DR 4,6 (nr.10b)

Mismatch vs. Match:  p =  0,0004

Double mismatch vs. Match: p =  0,0003

Single mismatch vs. Match: p =  0,017

* N o MLR done
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Comparison between MILR and MLR

The lymphocyte reactivity to allogeneic islet cell preparations (MILR) was compared 

to that measured against lymphocytes (MLR) that were isolated from the islet cell 

donor (table 2). The MLR tests were positive for 15/16 cases where a positive MILR 

had been measured; the one MLR negative/ MILR positive case related to the only 

child (2y) that was tested as islet donor (Table 3). In the group of negative MILR 

tests, 3/10 exhibited a positive MLR. Overall, a signifi cant relation was seen between 

recognition of islet donor PBMC and islet preparations by healthy donor derived 

PBMC (p=0.0013; Table 3). When the analysis was restricted to the 12 to 60 year old 

donor group the correlation between MILR and MLR was even stronger (p=0.0003).
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Figure 2: Representative comparison between MILR and MLR. Raw counts per minute (cpm) are indicated to illustrate 

background responses of islet preparations, stimulator or responder PBMC alone as well as the amplitude of the proliferative 

response to . (n.d.: not done)
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Table 3: The correlation between the presence (POS) and absence (NEG) of proliferative T-cell responses in co-cultures of PBMC 

isolated from healthy blood donors with human islet preparation. Responsiveness was signifi cantly concordant between MILR 

and MLR (p= 0.0013).

MILR MLR

POS NEG

PO S

DR 3,3 x DR 2,6

DR 4,10 x DR 2,3

DR 1,8 x DR 4,4

DR 3,3 x DR 6,13

DR 2,6 x DR 1,1

DR 1,7 x DR 2,6

DR 15,15 x DR 4,6

DR 1,1 x DR 4,6

DR 16,11 x DR 4,6

DR 3,7 x DR 4,6

DR 2,6(13) x DR 2,6(14)

DR 2,2 x DR 2,3

DR 1,8 x DR 8,12

DR 2,6 x DR 6,13

DR 1,8 x DR 1,1

DR 3,7 x DR 1,1

DR 6,13 x DR 2,4

DR 2,6 x DR 2,4

NEG DR 3,3 x DR 2,3

DR 1,6 x DR 1,1

DR 2,6 x DR 2,6 

DR 2,3 x DR 2,3

DR 6,13 x DR 6,13

DR 1,1 x DR 1,1

DR 4,6 x DR 4,6

DR 4,6 x DR 4,6

DISCUSSION

Our study demonstrates that cultured human islet cell preparations with a composi-

tion similar to that used in our clinical trial, have a strong immunogenic potential 

dependent of the degree of their HLA incompatibility with responder leukocytes. 

Importantly, matched islet preparation persistently led to absence of alloreactivity in

v itr o . This may bear implications for clinical islet cell transplantation. Human islet 

transplantation has been considered to be a promising therapy for T1D patients 

for the last 31 years[21,22]. A major obstacle that remains to be tackled in allograft 

islet transplantation, is the rejection process resulting in graft failure. The current 

knowledge of the immunogenesis of the rejection process is at best incomplete. This 

might be due to the fact that graft tissue is inaccessible after transplantation, making 

clinical and histological studies very diffi cult and demanding. Hence, most studies 

addressing the specifi c allogeneic rejection response are murine based and cannot 

be extrapolated directly to the human situation. Clinical trials studying the rejection 

process rely upon the presence of C-peptide, indicating beta cell function. The 

immunological status of the islet-transplantation however remains concealed[23]. 
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Multiple donor islet grafts further cloud the different roles of involved actors in this 

immunological play. In the present study we selectively studied the degree of allore-

activity in PBMC of immunocompetent healthy blood donors against allogeneic islet 

preparation with different degrees of HLA incompatibility and composition.

HLA has long been recognized to be of clinical importance in solid organ transplan-

tation as one of the primary causes of Th1/HLA class II antigen-rejection. However 

the importance of HLA in islet transplantation and rejection has been disputed. One 

study showed low or even absent T-cell response directed against pancreatic islets in

vitro [23]. The authors hypothesized that low T-cell proliferative responses could be 

a direct result of the inhibitory effects of exocrine enzymes upon lymphocytes, utiliz-

ing the role of class II MHC. However, we have demonstrated that alloreactivity in 

type 1 diabetes patients transplanted with human islet allografts strongly correlated 

with acute rejection and loss of graft function in vivo [11]. Moreover, it has been sug-

gested that HLA mismatching could provide better allograft survival of transplanted 

pancreatic islets in autoimmune diabetes, as was shown in mice. It has also been 

argued that avoidance of MHC class II sharing between donor and recipient, could 

avoid the recurrence of autoimmunity and subsequently the destruction of beta 

cells[24]. However, there is little evidence from clinical trials on islet transplanta-

tion that islet allografts benefi t from mismatching with the recipient. Moreover, our 

present data clearly demonstrate that HLA matching signifi cantly reduces the risk for 

alloreactivity, while induction of alloreactivity appears to be the most pronounced 

cause of graft failure[11]. We appreciate that in an era of donor shortage and multiple 

donors being required to obtain a suffi cient islet load for transplantation, donor 

selection based upon HLA is inconceivable. Therefore, tailored immune suppresion 

is of utmost importance in order to optimize the outcome of islet transplantation.

In order to address the involvement of HLA in human islet transplantation, we 

studied the response of peripheral blood mononuclear cells (PBMC) from healthy 

blood donors to human islet-preparations. Healthy donors were chosen, rather than 

diabetic patients, to evaluate the primary T-cell response and exclude recurrent islet 

autoimmunity. Contrary to a previous report [23], a T-cell proliferative reaction could 

be invoked upon stimulation of healthy donor T-cells with double HLA-mismatched 

islet preparations in all but one mixed islet lymphocyte reactions. In contrast, none 

of MILR performed with HLA-DR matched T-cells and islet preparations displayed 

any T-cell responsiveness. Partial HLA-DR mismatching could invoke an intermedi-

ate T-cell response in the majority of cases, which accorded with the MLR.

As previously mentioned, there was only one exception where a positive MLR did 

not correlate with a positive MILR despite a complete HLA class II disparity. This 

occurred in the case of an islet preparation from a 2 year-old pancreas donor, sug-

gesting that donor age may be a factor related to immunogenicity.
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In conclusion, our data clearly demonstrate the immunogenic nature of islet prepa-

rations of clinical norm, even in healthy donors lacking auto-reactive islet T-cells.

The immunogenicity is dependent largely on the degree of HLA matching with 

responder leukocytes. HLA-DR matching is accompanied by lack of immune re-

activity against the islet preparation. Our fi ndings underscore the diffi culty of islet 

allotransplantation, but provide leads to reduce the extent of alloreactivity in clinical 

islet transplantation. 
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