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Abstract

Background: Allosensitization has been reported after discontinuation of immunosuppression 

following graft failure in islet transplantation (ITx) recipients, though duration of its persistence is 

unknown.

Methods: We evaluated 35 patients with type 1 diabetes who received ITx, including 17 who 

developed graft failure (ITx alone, n=13; ITx plus bone marrow-derived hematopoietic stem cells, 

n=4) and 18 with persistent graft function. Panel reactive antibody (PRA) was measured yearly for 

the duration of graft function within 1 year after graft failure at enrollment and yearly thereafter.

Results: In ITx alone graft failure patients, 61% (8/13) were PRA-positive at 6 years postgraft 

failure, and 46% (6/13) developed donor-specific anti-HLA antibodies (DSA to 2 ± 1 donors) 

during follow up. The degree of sensitization was variable (cPRA ranging between 22% and 

100% after graft failure). Allosensitization persisted for 7 to 15 years. Three subjects (3/13) 
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were not allosensitized. In ITx plus bone marrow-derived hematopoietic stem cell recipients, 

cPRA-positivity (88% to 98%) and DSA-positivity persisted for 15 years in 75% (3/4) of subjects.

Conclusions: Allosensitization was minimal while subjects remained on immunosuppression 

but after discontinuation of immunosuppressive therapy the majority of subjects (77%) became 

allosensitized with persistence of PRA positivity for up to 15 years. Persistence of allosensitization 

in this patient population is of clinical importance as it may result in longer transplant waiting-list 

times for identification of a suitable donor in case of requiring a subsequent transplant.

Introduction

Improved metabolic control, hypoglycemia awareness, quality of life and prevention of 

severe hypoglycemia can be consistently obtained after islet transplantation (ITx) in patients 

with type 1 diabetes (T1D), even with partial graft function requiring exogenous insulin 

to maintain glycated hemoglobin (HbA1c) in the target range.1–6 Although islet allograft 

survival at 1 year is approximately 80%, graft function decreases progressively with 

time.7 Allosensitization develops in approximately 40–70% of ITx recipients following 

discontinuation of immunosuppression after graft failure.8–11 Allosensitization is defined 

as the presence of circulating antibodies against HLAs and can be measured by different 

techniques and expressed as percentage reactivity of the patient’s serum to a panel of 

lymphocytes with known HLA phenotypes or purified HLA antigens in solid phase assays 

(% panel reactive antibody; % PRA).12 The calculated PRA (cPRA) is obtained using a 

calculator by the United Network for Organ Sharing (UNOS).13 The cPRA provides a 

more accurate estimate of allosensitization since it includes both class I and class II HLA 

specificities. Use of traditional PRA (% of class I and class II HLA) underestimates the 

degree of allosensitization.14 In fact, there is 50% concordance in the group with PRA 

values of 1% up to 20%, while there is 90% concordance in the group with PRA values 

equal or greater than 80%.14 Allosensitization after transplantation of solid organs and 

cellular grafts is a common problem, potentially decreasing the donor pool for a given 

transplant candidate or prolonging the wait time for subsequent organ transplantations. In 

the case of pancreatic islets, the need for a relatively large number of beta cells to achieve 

adequate metabolic control has led to the use of multiple donors per recipient in most cases. 

This may increase the risk for allosensitization to multiple HLAs and represents a significant 

concern after graft failure as those patients who become allosensitized and subsequently 

require another transplant will likely experience increased wait-time for identification of a 

suitable donor limiting the chances of future transplantation.

The duration of persistence of PRA-positivity after discontinuation of immunosuppression in 

ITx recipients still remains unknown. Therefore, the purpose of this study was to evaluate 

the frequency and persistence of allosensitization postgraft failure and upon discontinuation 

of immunosuppression in ITx recipients and to identify associated factors which may predict 

the development of allosensitization.
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Materials and Methods

Study population

Fifty-six subjects received islet transplants at our institution from 2000–2017. Nine subjects 

were lost to follow-up and 1 subject died. Of the remaining 46 subjects, 28 subjects had 

graft failure (22 IA and 6 IA+BM). Of the 22 IA, 13 subjects (IA group) signed consent to 

enroll in the follow-up post graft failure protocol. Nine did not agree to participate. Of the 

6 subjects receiving ITx+BM group, 4 subjects (IA+BM group) signed the consent for the 

follow-up after graft failure. Two subjects did not sign consent. The remaining 18 subjects 

constitute the graft function group. In total, 35 subjects were included in this analysis 

(Figure 1).

These 35 subjects with T1D enrolled in ITx protocols at the University of Miami were 

retrospectively evaluated. Study procedures were reviewed and approved by the Institutional 

Review Board (IRB) at the University of Miami. All participants provided written informed 

consent and were enrolled in different protocols, namely: i) follow-up of ITx recipients 

postgraft failure (ClinicalTrials.gov Identifier: NCT02000687, NCT01999361; IRB Protocol 

Numbers: 20080127, 20071058), and ii) follow-up of ITx recipients with persistent islet 

graft function (ClinicalTrials.gov Identifier: NCT01999374, NCT00306098; IRB Protocol 

Numbers: 20130034, 20000196). The study population and participant demographics are 

detailed in Figure 1 and Table 1, respectively.

Maintenance immunosuppression

In IA and IA+BM subjects, induction immunosuppression consisted of anti-IL2 blockade 

with either daclizumab or basiliximab and anti-TNF blockade with either infliximab or 

etanercept (Edmonton like protocol).2,15–17 Maintenance immunosuppression consisted of 

a dual combination strategy with either sirolimus, tacrolimus or mycophenolate mofetil 

(MMF). MMF was primarily used in case of intolerance/adverse events to either sirolimus 

or tacrolimus. Target trough levels for sirolimus were 12–15 ng/mL for 3 months then 7–10 

ng/mL thereafter; tacrolimus trough levels were kept at 3–6 ng/mL (or 8–10ng/mL if on 

Tacrolimus-MMF). MMF target dose was 1000 mg PO twice daily with the dose adjusted 

depending on subject tolerance. In the group of subjects with graft function, 50% underwent 

induction with T-cell depleting agents (alemtuzumab or antithymocyte globulin).1,18,19

Subjects with Islet Graft Failure

Seventeen ITx recipients who ultimately experienced graft failure were enrolled. Among 

them, 13 patients received ITx alone (IA group) and 4 received same-donor CD34+ bone 

marrow (BM)-derived hematopoietic stem cells (HSC; a minimum of 2×106 HSC/Kg of 

recipient body weight) in combination with ITx (ITx+BM group). In the ITx+BM group, 

bone marrow cells were used to induce hematopoietic chimerism. As per the study design, 

all subjects were required to stop immunosuppression at 1 year independent of graft function 

status. Therefore, no subject remained on immunosuppression after 1 year. Apart from 1 

subject who lost function 5 months after islet transplantation, all other subjects maintained 

graft function at the 1 year time point when immunosuppression was discontinued. After 

discontinuation of immunosuppression all grafts failed. Immunosuppression dosing was 
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managed by the senior author of this study to ensure that all patients remained on full 

immunosuppression for the duration of the study. No subject was on monotherapy at any 

given time. It is expected that immunosuppression levels would had been undetectable after 

graft failure as cessation of immunosuppression preceded graft failure.

Subjects in the IA group and ITx+BM group were enrolled into the follow-up protocol 

3.6±1.9 years and 8±0.7 years after graft failure, respectively (Table 1). Laboratory workup 

was performed every year following graft failure. Blood samples were collected for 

determination of alloantibodies and cPRA calculated. For the purpose of data analysis, we 

established the following time points: i) pre-ITx; ii) half-life graft survival (1/2 GS), defined 

as the midpoint between first islet infusion and occurrence of graft failure; iii) graft failure, 

defined as the time at which serum levels of stimulated C-peptide (assessed by Mixed Meal 

Tolerance Test; MMTT) were less than 0.3 ng/mL15; and iv) yearly follow-up postgraft 

failure.20

Subjects with Persistent Islet Graft Function

Eighteen subjects with persistent islet graft function at 10.6±4.8 years follow-up were 

included in the study for comparison analysis. Among them, 15 received IA and 3 received 

islet after kidney transplantation (IAK). Alloantibody data for these patients were evaluated 

pre-ITx and at 1, 5, 7, and 10 years posttransplant.

Alloantibody Determination

Subjects belonging to IA and IA+BM groups were tested for alloantibodies using single 

antigen bead solid phase assays for HLA class I and II (LabScreen Single Antigen Class I 

and LabScreen Single Antigen Class II from One Lambda [Thermofisher]). Values of cPRA 

were calculated using the cPRA calculator by UNOS.13,14 A mean fluorescence intensity 

(MFI) exceeding 3000 was reported as positive and subsequently compared with donor 

HLA to determine donor-specific anti-HLA antibodies (DSA)-positivity in the recipient’s 

serum. cPRA was used as a continuous measure of allosensitization.13,14,21 HLA-DP was 

not included in either the cPRA calculations and DSA analyses. In the subjects with 

graft function, alloantibodies were evaluated pre-ITx and at 1 year, 5, 7, and 10 years 

posttransplant. HLA mismatches were evaluated between donor and recipient using HLA-A, 

-B, -DR and DQ loci.

Autoantibody Determination

Autoantibodies to 65-kilodalton isoform of glutamic acid decarboxylase (GAD65) and islet 

antigen-2 (IA-2) were measured using radioimmunoassays validated in the proficiency 

workshops of the Immunology of Diabetes Society and Centers for Disease Control and 

Prevention.22,23 Autoantibody levels are expressed as the ratio of the autoantibody index 

levels of the patient over the cutoff index of each assay. A ratio of ≥1 indicates a positive 

result.

Statistical Analysis

Results are expressed as mean ± SD, median (25th percentile; 75th percentile) or 

percentages. Descriptive characteristics were analyzed between groups through 1-way 
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Analysis of Variance (ANOVA), unpaired 2 tailed T-test with Welch correction, Kruskal 

Wallis 1-Way, U Mann-Whitney, or chi-square test, as appropriate. Post hoc analyses were 

performed with Tukey and Bonferroni correction. To determine differences of cPRA within 

IA graft failure group, we chose to compare the following time points: i) pre-ITx, ii) 

graft failure, and iii) 6-year follow-up. For this comparison, it was used related-samples 

Friedman’s with Dunn-Bonferroni post hoc tests. Statistical analysis was not performed for 

evaluating time-points in ITx+BM group due to the small sample size. Data were analyzed 

using IBM SPSS v22.0 (New York, USA). A P value <0.05 was considered to indicate 

statistical significance.

Results

Recipients with Islet Graft Failure

IA group (n=13): Among the 13 subjects enrolled, 9 completed more than 6 years of 

follow-up (range: 6–15 years) and 4 were lost to follow-up. Patient demographics and 

baseline characteristics are detailed in Table 1. Subjects were transplanted between 2001 and 

2006. Immunosuppression induction included daclizumab, along with an anti-TNF-alpha 

agent (infliximab, n=2; etanercept, n=11). Table 2 shows the demographic characteristics 

of DSA-positive and DSA-negative recipients in IA group subjects with graft failure. 

There was no significant association between number of HLA-I and HLA-II mismatches, 

development of DSA and number of donors (Table 3). Regarding islet autoantibodies, 

42% of subjects had 1 islet autoantibody (GAD65 or IA-2), 42% were negative for 

autoantibodies, 8% had both autoantibodies, and the remaining 8% became positive during 

follow-up (“converter” subjects) (Table 1). Graft failure in these subjects occurred at 3 (1 – 

5) years after ITx and 1 (1 – 4) years after last ITx. Nondonor specific alloantibodies were 

also detected in 10/13 (77%) subjects (Table S1).

The values of cPRA in IA group subjects (n=13) before transplantation, during transplant 

follow-up and after graft failure are listed in Table 3 and are depicted in Figure 2. Before 

ITx and at the 1/2 GS time point only 1 recipient was cPRA-positive (Subject #3; cPRA: 

22 %). At graft failure, 5 subjects (subjects #1, #3, #4, #7, #11; cPRA: 89, 24, 99, 96, 

and 22%, respectively). In this group, immunosuppression was tapered and discontinued at 

73.5 ± 69.4 days after graft failure. At 6 years postgraft failure, 55% of subjects (6 out 

of 11 patients) had a cPRA>20% (cPRA: 22%−100%). Collectively, 10 out of 13 subjects 

(77%) became allosensitized at any time point after graft failure, among which 6 out of 

13 subjects (46.2%) developed DSA-positivity (DSA to 2 [1 – 3] donors). The degree of 

sensitization was variable (cPRA ranging between 22% and 100% during the follow-up after 

graft failure). Allosensitization persisted for up to 15 years in subject #2 (cPRA: 83%; Table 

3).

Three subjects (#5, #8 and #13) were enrolled in a protocol to prevent allosensitization after 

discontinuation of immunosuppression following graft failure (ClinicalTrials.gov Identifier: 

NCT01999361; IRB Protocol Number: 20071058), which consisted of mycophenolate 

mofetil (MMF) monotherapy for 2 years. Two of these subjects (#5 and #8) were not 

allosensitized (cPRA-negative) after graft failure. The third subject (#13) was cPRA-positive 

3 years postgraft failure (cPRA: 70%; DSA-negative), became cPRA-negative at 6 years 
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postgraft failure (cPRA: 0%) and has remained negative since then (last follow-up 11 years 

postgraft failure) (Table 3). One subject (#12) required IVIG prior to graft failure for 

treatment of parvovirus infection, at which time immunosuppression had to be discontinued. 

This subject had an initial cPRA negative prior to transplantation and subsequent cPRA 

measurements remained negative for the following 14 years (Table 3).

We compared the percentage values of cPRA before ITx, at the time of graft failure, 

and at 6 years postgraft failure in order to detect changes according to the time-points. 

We found a positive direction change among groups (P = 0.01), indicating significantly 

higher levels of cPRA at 6 years postgraft failure as compared to those observed before 

ITx (Dunn-Bonferroni adjustment, P = 0.042) (Figure 3a). Due to our small sample size, 

we were unable to evaluate the association between cPRA values and numerous variables 

of interest, including age, transplanted IEQ/Kg of recipient body weight, cytomegalovirus 

(CMV) serologic status, immunosuppressive regimen, islet autoantibody-positivity and T1D 

duration.

ITx+BM group (n=4): As per transplant protocol design, immunosuppression was 

discontinued in 3 patients 1 year after ITx.16 The remaining subject discontinued 

immunosuppression at the time of graft failure (178 days post-ITx). Subjects have been 

followed for up to 17 years postgraft failure. Subjects in this group were enrolled 

in the study protocol 8 (8 – 9) years after graft failure. Patient demographics and 

baseline characteristics are detailed in Table 1. Induction immunosuppression consisted 

of anti-IL-2 (daclizumab) and anti-TNF-alpha (infliximab) agents, while maintenance 

immunosuppression included sirolimus and tacrolimus. The remaining subject became 

positive (for IA-2 only) during follow-up. Median duration of graft function in this group 

was 1.25 (0.8 – 1.3) years (Table 1). Peripheral chimerism was maximal at 1 month 

(5.92±0.48%), highly reduced at 1 year (0.20±0.08%) and was undetectable at graft 

failure.16

The values of cPRA (%) in ITx+BM group subjects before transplantation, during transplant 

follow-up and after graft failure are listed in Table S2. Prior to transplantation, subjects 

#1 and #2 were cPRA-negative, and remained negative while on immunosuppression. For 

subjects #3 and #4 the PRA tested by single antigen beds were not available for the 

pretransplant time. At the time of graft failure, subjects #1, #2, and #4 remained cPRA

negative, subject #3 was cPRA-positive (PRA: 97%, DSA-negative). After discontinuation 

of immunosuppression (as per protocol), subjects #1, #2 and #3 became DSA-positive 

and showed cPRA-positivity during the follow-up (Table S1). Subject #3 presented cPRA 

97% after transplant and remained cPRA positive for 16 years (DSA-negative). Subject #4 

was negative at the time of graft failure and did not undergo further testing until 9 years 

postgraft failure, where results showed cPRA-positivity (cPRA: 51%) and lack of DSA 

development. Repeat testing of subject #4 yearly thereafter was consistently negative until 

17 years postgraft failure (cPRA: 41%; DSA-negative). Overall, allosensitization persisted 

for 15 years postgraft failure in 3 out of 4 subjects (cPRA in subjects #1, #2 and #3: 98%, 

88%, and 97%, respectively; see Table S1). Percentage of cPRA before ITx, at the time of 

graft failure, and at 15 years postgraft failure is displayed in Figure 3b.
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Recipients with Persistent Islet Graft Function

We included 18 subjects with persistent graft function for comparison in this analysis. 

Patient demographics and baseline characteristics are detailed in Table 1. ITx occurred 

between 2000 and 2017 and the majority were transplanted before 2011. Induction 

immunosuppression included daclizumab (50%) or T-cell depleting agents (50%) in 

combination with an anti-TNF-alpha agent (infliximab, n=1; etanercept, n=17). Sirolimus 

and tacrolimus were used for maintenance immunosuppression. Four out of 18 subjects (#4 

[IAK], #5 [IAK], #8[IA], and #10 [IA]) became allosensitized (cPRA: 71%, 23%, 54%, and 

46%, respectively) at 10 years post-ITx while on immunosuppression, and 2 of them (#8 

[IA] and #10 [IA]) developed DSA-positivity.

Discussion

After graft failure, immunosuppression is often discontinued in subjects receiving IA 

since there is no longer need for immunosuppressive therapy. PRA-positivity subsequently 

develops in almost all subjects.8–11 In our study, allosensitization has persisted in the 

majority of subjects after discontinuation of immunosuppression for up to 15 years of 

follow-up. Three out of 4 subjects who received ITx+BM developed allosensitization and 

DSA-positivity after discontinuation of immunosuppression, with PRA-positivity persisting 

for 17 years after graft failure in this group. The persistently high cPRA levels in these 

patients are most likely secondary to the BM cellular load. We hypothesize that DSA

positivity was high likely due to the infusion of CD34-enriched cells, which contain a 

mixture of hematopoietic stem cells, hematopoietic progenitors and various contaminants.16

At time of graft failure, there was minimal allosensitization. At 6 years postgraft failure, 

55% of subjects (6/11; data not available in 2 subjects) in the IA group had cPRA>20% 

(cPRA: 22%−100%), and 77% (10/13) became allosensitized at any time after graft failure. 

DSA-positivity to multiple donors was observed in (6/13) 46% of subjects. Although 

the degree of sensitization was variable (cPRA ranging between 22% and 100%), it has 

persisted for up to 15 years of follow-up after discontinuation of immunosuppression. 

Among the 3 subjects in the IA group who experienced graft failure (18%) and did not 

develop allosensitization, 2 were treated with MMF for 2 years after discontinuation of 

protocol-specific immunosuppression in an attempt to specifically prevent the occurrence 

of allosensitization. Another subject received IVIG prior to graft failure due to parvovirus 

infection. This treatment is usually employed as part of desensitization protocols24 and may 

account for the prevention of allosensitization in this subject.

Although guidelines to prevent or decrease PRA-positivity after graft failure in ITx have not 

yet been established, preliminary data from an ongoing study (ClinicalTrials.gov Identifier: 

NCT01999361) suggest that administration of MMF for 2 years after graft failure may 

be a valid option to prevent, decrease or reverse PRA-positivity. Similarly, Campbell et al 

recommend avoiding discontinuation of immunosuppression until patients are evaluated for 

the need for subsequent transplant; during this evaluation process, subjects are maintained 

on mycophenolic acid therapy for a 2 year-period.9 A single-center study conducted on 

kidney transplantation recipients reported that prolonging immunosuppression for more than 

3 months after graft failure resulted in decreased allosensitization and lower mean PRA 
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levels, as compared to early discontinuation of immunosuppression.25 Moreover, gradual 

tapering of immunosuppression after kidney graft failure has been shown to decrease 

allosensitization compared to abrupt cessation of the immunosuppressive regimen.25

ITx has evolved over time and most current protocols use T-cell depleting agents 

(alemtuzumab, antithymocyte globulin) for induction. In our study, 85% of subjects in 

the graft failure group (transplanted between 2000 and 2006) (11/13) and 50% in the islet 

graft function group (transplanted between 2001 and 2017) did not receive T-cell depleting 

agents for induction. Therefore, our findings in the graft failure group are only applicable 

to subjects who received Edmonton like immunosuppression. Brooks et.al evaluated whether 

alemtuzumab induction affected DSA positivity (de novo) at 12 months post-ITx and found 

that in subjects who did not develop DSA, 95% received alemtuzumab whereas in subjects 

who developed DSA, 60% received alemtuzumab.26 Furthermore, the Edmonton group 

showed that recipients who received alemtuzumab did not developed allosensitization up to 

36 months post-ITx.26 Of note, 2 out of 3 subjects (66%) in our study cohort who remained 

cPRA negative following cessation of immunosuppression underwent induction with T-cell 

depleting agents; however, 1 of them was also kept on MMF for 2 years post graft failure 

to prevent allosensitization. Thus, it is unclear whether prevention of allosensitization on 

this subject was attributed to T-cell depleting induction, MMF therapy postgraft failure or 

a combination of both. In the ITX+BM group 3 of 4 subjects islet graft failure developed 

months after discontinuation of immunosuppression (as per protocol), therefore graft failure 

is the result of immunosuppression discontinuation.

The number of ITx recipients with persistent graft function who became allosensitized 

while on immunosuppression in our study is comparable to data reported for kidney 

transplant recipients with stable serum creatinine during maintenance immunosuppression.27 

Development of DSA-positivity is generally associated with rapid loss of islet allograft 

function, although results are controversial across studies.11,26,28 However, development 

of DSA-positivity within 4 weeks after ITx has been associated with decreased islet 

allograft function at 3 months and can predict graft failure at 12 months.26 It still remains 

controversial whether antibodies detected exclusively by solid phase techniques influence 

long-term graft outcomes. Unlike kidney transplantation, the clinical impact of anti-HLA 

antibodies on ITx remains unclear. Recently, Chen et al showed that allogeneic islets are 

resistant to DSA-mediated rejection, with a similar rate of islet graft attrition between 

patients with or without DSA (n=49, patients who were successfully grafted with allogeneic 

islet).29

The reason for the persistence of alloantibodies after discontinuation of immunosuppression 

following allograft failure in subjects receiving ITx is unclear. The mechanism for the 

variable alloantibody response and persistence in certain subjects is also undetermined. No 

islet alloantigens should theoretically persist after allograft rejection and discontinuation 

of immunosuppression, and thus the stimuli for persistent alloantibody production are still 

unclear. However, factors accounting for persistent alloantibody production may include the 

persistence of cells of donor origin (microchimerism) or the persistence of alloantigens 

in dendritic cells30 and the presence of long lived plasma cells generated during the 

alloimmune response.31–33
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Allosensitization to allografts utilized for repair of heart defects has also been 

described.34–36 In a study of adults receiving homograft aortic graft implantation, anti

HLA antibodies were shown to persist for up to 15 years.34 Pediatric patients receiving 

implantation of cryopreserved valved and nonvalved allografts showed persistence of anti

HLA antibodies for up to 8 years after implantation, although antibody levels decreased 

with time.35 Similarly, another study of pediatric surgical patients observed long-term 

sensitization for up to 18 years.36 Our study is the first to highlight the persistence of 

allosensitization for such duration specifically in ITx recipients.

Allosensitization after ITx is of concern given that T1D patients may require pancreas, 

kidney or other organ transplantation in the future. Therefore, a high cPRA will increase 

wait time to identify a potential HLA compatible donor. Sensitization may impact 

outcomes although careful matching based upon detailed HLA antibody analysis and current 

immunosuppression strategies may reduce this risk.

Several studies suggest that pancreas after islet (PAI) transplantation can be a successful 

strategy to achieve long-term insulin independence in previously failed islet allograft 

recipients.12,37 However, allosensitization remains of concern given the prolonged wait time 

for subsequent transplantation.37,38

The main limitations of our study include the small sample size, retrospective design, 

inclusion of participants from different study protocols, and patients lost to follow-up. In 

addition, we may have underestimated allosensitization with flow cytometry since the cutoff 

of MFI was set at 3000.

The high frequency of allosensitization development and persistence after islet allograft 

failure is a significant finding which argues in favor of minimizing the number of 

islet infusions (donors) per each recipient. Naziruddin et al showed that the presence 

of low levels of PRA at first islet infusion significantly increased the development 

of PRA>20% after transplantation.11 Mohanakumar et al showed that preexisting HLA 

sensitization may be 1 of the factors that lead to loss of transplanted islets.28 Accurate 

alloantibody characterization using the same methodology, single antigen solid phase HLA 

antibody assays is mandatory before transplantation. In many recent trials of islet allograft 

transplantation, the presence of any level of PRA (using single antigen solid phase assays) 

above background is listed as an exclusion criteria for the first infusion. For subsequent 

infusions if alloantibodies are detected before those unacceptable antigens are avoided. T 

cell depleting agents are now more commonly used in islet allograft transplantation and 

there is evidence5,39 that DSA formation is much less commonly seen. Therefore, our results 

need to be interpreted in this context and may not be applicable to the people that have 

been more recently transplanted on T-cell depleting agents. In the case of sensitization It is 

possible that combining solid phase HLA antibody identification methodologies with virtual 

crossmatching will increases the allocation of deceased donor organs to highly sensitized 

patients for islet transplantation similar to kidney transplantation.40,41 This approach needs 

to be evaluated in islet allograft transplant trials.
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Monitoring for allosensitization should also be considered in study protocols using 

allogeneic cell products (eg, stem cells). Lastly, strategies to prevent allosensitization prior 

to discontinuation of immunosuppression after graft failure should be included as part of 

transplant protocols.

In conclusion, allosensitization is a highly prevalent and persistent feature following islet 

allograft failure with potential negative implications regarding the need for future organ 

transplantation (ie, increased wait list times). Treatment with MMF for up to 2 years to 

prevent allosensitization after islet graft failure may be an effective therapeutic option, 

although further large-scale studies are required to confirm our findings.
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ELISA enzyme-linked immunosorbent assay
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GLP-1 glucagon-like peptide-1

HbA1c glycated hemoglobin

HSC hematopoietic stem cells

IA islet transplant alone

Rios et al. Page 10

Transplantation. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



IA-2 islet antigen-2

IAK islet after kidney transplantation

IEQ islet equivalents

IL-2 interleukin-2

IRB Institutional Review Board

ITx Islet transplantation

LCT CDC Lambda Cell Tray – complement-dependent 

microlymphocytotoxicity techniqu

MFI mean fluorescence intensity

MMF mycophenolate mofetil

MMTT mixed meal tolerance test

PAI pancreas after islet transplantation

PRA panel reactive antibody

T1D type 1 diabetes

TNF -alpha tumor necrosis factor-alpha

UNOS United Network for Organ Sharing
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Figure 1 - Study population diagram representing our retrospective study design on a cohort of 
patients who received islet transplantation.
Abbreviations: IA, islet transplantation alone; IAK, islet after kidney transplantation; ITx, 

islet transplantation; IA + BM, islet transplantation plus bone marrow-derived CD34+ 

hematopoietic stem cells.
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Figure 2 - Values of cPRA (%) in IA group subjects (n=13) before transplantation, during 
transplant follow-up and after graft failure. Box plot shows cPRA distribution mean, 
interquartile range and minimum and maximum values. The lower bar shows the number of 
patients evaluated at each time point during the follow-up.
Abbreviations: 1/2 GS, half-life graft survival; cPRA, calculated panel-reactive antibody; 

GF, graft failure; IA, islet transplantation alone; ITx, islet transplantation.
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Figure 3 - Values of cPRA (%) in IA group subjects (n = 13) and ITX + BM subjects (n = 4). 
Figure 3a shows the change in cPRA (%) before transplantation, ½ time between transplant 
and graft failure, at graft failure, and 6 years after graft failure in the IA group (n = 13); * 
Dunn-Bonferroni Post hoc analysis between Pre-ITX and 6 years post GF, P = 0.042. Figure 3b 
shows the change in cPRA (%) before transplantation, at the time of graft failure, and 15 years 
after graft failure in the ITx + BM group (n = 4); α cPRA was performed in 2 out of 4 patients 
before transplant.
Abbreviations: cPRA, calculated panel-reactive antibody; GF, graft failure; IA, islet 

transplantation alone; ITx + BM, islet transplantation plus bone marrow-derived CD34 + 

hematopoietic stem cells.
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