Multiplex Immune Monitoring Predicts Graft Rejection in Porcine Islet Xenotransplantation

Aim: Islet xenotransplantation is a promising therapy for Type 1 Diabetes, but acute rejection and rejection after immunosuppression withdrawal remain major barriers to durable graft function. This study aimed to monitor immune profiles in xeno-islet recipients to assess the efficacy of immunosuppressive regimen and detect early immune activation predictive of graft rejection.
Methods: Porcine neonatal islet cell clusters (NICC) from GTKO-hCD55-hCD59 transgenic pigs were transplanted into streptozotocin-induced diabetic baboons (n=10). All recipients received anti-CD2 induction and maintenance therapy with anti-CD154 and Belatacept. Tacrolimus doses varied: full-dose (n=7) or reduced/no dose (n=3). Circulating leukocyte subsets were monitored for absolute counts and activation status using multiplex, multi-panel flow cytometry. NICC function was assessed through daily blood glucose monitoring, monthly glucose tolerance tests with porcine C-peptide quantified by ELISA, and histological evaluation of liver biopsy and endpoint graft tissues.
Results: Porcine C-peptide was detected in all 10 recipients, confirming functional engraftment. Seven recipients on full-dose Tacrolimus maintained NICC function for up to 675 days. In contrast, three recipients with reduced/no Tacrolimus underwent rejection within two months. Among long-term recipients, two experienced rejection following systemic inflammatory events. Flow cytometry with IVD BD TruCount produced absolute leukocyte counts equivalent to standard full blood counts (Deming regression slope 0.91–1.03, 95% CI, p<0.001), while requiring substantially less time (≈50±15 vs 150±30 minutes) and smaller blood volumes (50 µl vs ~500 µl). T-cell suppression following anti-CD2 induction was evident, with reduced unoccupied surface CD2 on circulating T cells (mean 73.21%, range 55.26–91.16%, p<0.001). Early T-cell suppression during the first month correlated with long-term NICC survival (36.47%, 13.35–50.75%) versus acute rejection (176.28%, 171.26–181.31%).
Conclusion: This study demonstrates that we can reliably use flow cytometry for assessing immune status in xeno-islet recipients and it has the potential to predict and prevent early graft rejection.
