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TARGETING HLA MISMATCHING 
Personalized Immunosuppression 
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60 yrs of HLA Transplant Science 



HLA MISMATCHING – BEYOND WHOLE HLA MOLECULES 
Personalized Immunosuppression 

“We must now prepare for the second phase in which more 
sophisticated measures of HLA compatibility should be developed for 
more accurate prediction of outcome” 

 
     Mickey, Kreisler, Albert, Tanaka, Terasaki  

Tissue Antigens (1971) 1:57 



Six contact sites determine the reactivity between antibody and antigen  
(complementarity determining regions (CDR) 

H3 binds to few amino acids and determines specificity, 
other CDR’s stabilize the binding and determine the affinity 

H3 



Polymorphic 
amino acid 

Tissue Antigens (2011) 77:525 

Functional Epitope (H3 CDR) 
(3Å radius – “Eplet”)  

Structural Epitope 
(15Å radius) 



HLAMatchmaker Eplet Mismatch Assessment 
Most Accurate with 4-digit HLA Typing data 



CONTEXT (Donor – Recipient relatedness) 
Conventional Whole Molecule HLA MM vs. Range of Eplet MM 
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Conventional DR Mismatch Conventional DQ Mismatch 
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Wiebe et al., Transplantation (2016) 100:2048-2052 



Wiebe et al., AJT (2013) 13:3114-3122 

Eplet MM is an Independent Predictor for de novo Class II DSA 



Immunogenicity: Electrostatic Potentials of HLA Epitopes 

Mallon et al. Transplantation (2015) 99:2 



Kosmoliaptsis et al. AJT (2016) 16:2139 

Predicting Class II DSA development after Graft Loss 

Mismatch evaluation methods appear equivalent 

Amino Acid Mismatch 

Eplet Mismatch 

Electrostatic Mismatch 



HLA MISMATCHING – EPLET MM LOAD FOR RISK ASSESSMENT 
Personalized Immunosuppression 



Optimal HLA Eplet MM thresholds predictive of de novo DSA 
(ROC analysis) 

Wiebe et al., AJT (2013) 13:3114-3122 

HLA DR HLA DQ 



Odds Ratio of Developing TG based upon Total Eplet Threshold 
Univariate Multivariate ** 

DR + DQ  ≥36 2.01[1.01-4.01] 3.21 [1.26-7.56] 

DQ  ≥18 1.50 [0.75,3.00]  NS 2.42 [1.03,5.70] 

DR  ≥15 2.44 [1.16,5.12] 3.64 [1.42,9.37] 
 

** Model includes Eplet exposure, recipient age, sex, peak PRA, race, induction and donor type. 



• No DSA 
• PRA <30% 
• Thymo, Tacrolimus, MMF, Prednisone 

0 to 6 mo course:     No Acute Rejection 
6 mo Protocol Biopsy: Normal Histology 
6 mo Antibody Screen:   No DSA 

Primary Living Donor Transplants 
Consented/Enrolled  Subjects  

N=52 

Transplanted Subjects 
N=47 

MMF, Pred 
N=14 

Tac, MMF, Pred 
N=7 

ACR (N=3) 
DSA (N=2) 
DSA and ACR (N=3) 

 DR and DQ (N=2) 
 DQ only (N=3) 

No ACR 
1 DSA (DQ) 

Quiescence ≠ Low Risk to Minimize 

Trial Halted by DSMB 

Tacrolimus tapered over 3 months 

Tacrolimus withdrawal in Immune Quiescent  
Kidney Transplant Recipients (CTOT-09) 

Randomized Subjects 
N=21 

Hricik et al., JASN (2015) 26:3114-22 



withdrawal 

6/8 in longer follow-up 
 

(P=0.0096) 

TCMR restarted CNI 

Tacrolimus withdrawal in Immune Quiescent  
Kidney Transplant Recipients (CTOT-09) 

Hricik et al., JASN (2015) 26:3114-22 

De novo DQ DSA associated with 
high Eplet MM load ( ≥ 17 ) 

 
5/8 in Tac withdrawal 

 

(P=0.0310) 
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AJT (2012) 12:1192-1198 
 

Anti-CD25 Induction + CsA + MMF + Pred 

Patients switched from CsA to Everolimus at 3.0 to 4.5 months  
post-transplant have an increased incidence of de novo DSA and ABMR 

Everolimus 

CsA 

DR dnDSA n=6 
DQ dnDSA n=24,  
DQ eplet MM 14.3 vs. 7.4, 
p<0.0001 

 
AJT 2016  Vol 16, S3, 203–404  

Abstract #279 R. Snanoudj et al. 

 



Transplantation (2014) 98:878-884 

MEMS 
(Medication Event Monitoring System) 
 
195 patients 

• 44 (22.6%) decreased adherence 
by 7% or more in month 2 post tx  
 Late Acute Rejection 
 Early Graft Loss 

1-2 years 

3-5  years 



Follow-up (years) 

Follow-up (years) 

Follow-up (years) 

Follow-up (years) 
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Adherent DQ Eplet Mismatch <17 
Adherent DQ Eplet Mismatch ≥17 
Non-Adherent DQ Eplet Mismatch <17 
Non-Adherent DQ Eplet Mismatch ≥17 

Adherent DQ Eplet Mismatch <17 
Adherent DQ Eplet Mismatch ≥17 
Non-Adherent DQ Eplet Mismatch <17 
Non-Adherent DQ Eplet Mismatch ≥17 

Adherent DR Eplet Mismatch <10 
Adherent DR Eplet Mismatch ≥10 
Non-Adherent DR Eplet Mismatch <10 
Non-Adherent DR Eplet Mismatch ≥10 

Adherent DR Eplet Mismatch <10 
Adherent DR Eplet Mismatch ≥10 
Non-Adherent DR Eplet Mismatch <10 
Non-Adherent DR Eplet Mismatch ≥10 

p=0.355 p=0.003 

p=0.026 p=0.008 

A B 

C D 

Synergy of Non-Adherence and Eplet MM Load 

Wiebe et al., AJT (2015) 15:2197-2202 

Late Rejection DR Late Rejection DQ 

Graft Survival DR Graft Survival DQ 



DR or DQ 
Eplet MM Load 

Electrostatic MM 

Low (both) 
Allocation Points 
Minimization ??? 

 
High (either) 

Avoid Minimization 

DR or DQ 
Immunogenic Epitopes 

Immunodominant 
 

Avoid or Low Priority 
 

Avoid Minimization 

Low 
Allocation Points 

(2 points – 0 DR MM) 
 

Same Treatment for All 

HLA Mismatch 

JCD Willis and GM Lord, Nature Rev Immunol (2015) 15: 323-329 
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