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How would finding tolerance help?

http://www.ncbi.nlm.nih.gov/books/NBK26921

/

Holy Grial in clinical 

Transplantation:

Tolerance 

Donor-specific 

unresponsiveness in the 

context of otherwise normal 

immune responses
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Why Biomarkers of Tolerance?

 To identify spontaneous “tolerant-phenotype”  
 Personalised medicine: could those patients, 

identified as such, be optimally maintained with 
less immunosuppression?

 Evaluate novel “tolerance-inducing” therapies 
(cell therapy, regenerative therapies, etc) 
 would these patients display the same markers as 

patients with spontaneous tolerance?

 Better understand allo-immmune regulation 
 would such markers allow us to understand better  

mechanisms of tolerance?
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Sensibility = 1

Specificity = 1

Sensibility = 0.903

Specificity = 0.923

EU USA

Sagoo P*, Perucha E*, www.transplant-tolerance.org.uk, et al. J CLIN INVEST (2010) 120 (6): 1848-1861

Predicted Probability of being 

tolerant
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Newell K, et al www.immunetolerance.org, et al. J CLIN INVEST (2010) 120 (6): 1836-47

Tolerant subjects showed increased expression of multiple B cell 
differentiation genes. 

A set of just 3 of these genes distinguished tolerant from non-tolerant 
recipients in a unique test set of samples.
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Proc Natl Acad Sci USA. 2007 25;104(39):15448-53

From microarray results a ‘‘tolerant footprint’’ of 49 genes. 
These biomarkers were applied for prediction of operational tolerance by microarray and real-time PCR in 
independent test groups. 
33 of 49 genes correctly segregated tolerance and chronic rejection phenotypes with 99% and 86% 
specificity.
The expression signature suggests that TGF- might contribute to this process, possibly by regulating 
specific phenotypes of peripheral regulatory T cells or altering the threshold for T cell activation
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Genetic Analysis & 

Monitoring of Biomarkers of 

Immunological Tolerance 

GAMBIT study
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The GAMBIT Consortium. NIHR CRN
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Biomarkers of Tolerance:

Patient groups in retrospective cohort;

aim to find the prevalence of “tolerance”

Index Group Control Groups

n=14
n=190 n=36
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Immunosuppression in GAMBIT

Retrospective
Study

17 therapy groups

Table 2. : Distribution of drug regimen in stable patients  
 

CNI 

 

Azathioprine 

vs MMF 
Prednisone N Percentage # 

Cyclosporine Azathioprine No 25 13.2 

Cyclosporine Azathioprine Yes 7 3.7 

Cyclosporine MMF No 29 15.3 

Cyclosporine MMF Yes 12 6.3 

Cyclosporine None No 9 4.7 

Cyclosporine None Yes 6 3.2 

Tacrolimus Azathioprine No 11 5.8 

Tacrolimus Azathioprine Yes 1 0.5 

Tacrolimus MMF No 24 12.6 

Tacrolimus MMF Yes 8 4.2 

Tacrolimus None No 3 1.6 

Tacrolimus None Yes 4 2.1 

None Azathioprine No 1 0.5 

None Azathioprine Yes 17 8.9 

None MMF Yes 12 6.3 

None None Yes 12 6.3 

None None No 1 * 0.5 

# Percentage from all stable patients 

* Patient on Sirolimus single therapy 

Note: Information of drug regimen was missing for 8 of the stable patients (4.2%) 
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Unadjusted effect of immunosuppression 

in gene expression 

Rebollo-Mesa, et al AJTx 2016

Table 3. : Effects of IS drugs on the published signature in stable patients from the GAMBIT 

study 

 Pred  Cyc  Tac  Aza  MMF 

PNOC 0.11 0.10 0.041 0.76 1.00 

CD79b 2.1 x 10-04 1.00 0.12 8.1 x 10-04 0.94 

TCL1A 1.9 x 10-06 0.17 0.020 6.7 x 10-16 1.00 

H3ST1 1.3 x 10-04 0.30 0.14 3.6 x 10-05 0.20 

SH2DB1 0.42 1.00 1.00 < 2.0 x 10-16 0.11 

TLR5 4.0 x 10-03 1.00 0.095 1.00 1.00 

MS4A1 3.0 x 10-03 0.73 0.18 1.1 x 10-04 1.00 

FCRL1 1.7 x 10-04 1.00 0.73 1.1 x 10-10 1.00 

FCRL2 5.7 x 10-04 1.00 0.15 1.6 x 10-05 1.00 

FoxP3_AMann 0.69 0.16 9.0 x 10-03 1.00 1.00 

Note: P-values for comparisons of stable patients on and off each drug are derived after adjustment in a linear 

regression model for all other drugs/drug groups. P-values for the Cyc/Tac-group (subgroups No-Cyc/Tac, Cyc 

and Tac) and for the Aza/MMF-group (subgroups No-Aza/MMF, Aza, MMF) were adjusted for multiple 

comparisons with Bonferroni correction.  
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Immunosuppressants had a confounding 

effect on the expression of IoT gene set. RT-PCR

Rebollo-Mesa, et al AJTx 2016
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Immunosuppressants affected the 

transitional B cell subset size.

Rebollo-Mesa, et al AJTx 2016
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Conclusions 1

• Immunosuppression drugs the patients are 

taking (Aza + Pred) 

• have a major effect on the expression of 

the chosen genes

• major effect on the size of the 

Transitional B cell compartment


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Rederived IS-independent gene-signature : IoT arrays

Validation using Fluidigm platform on GAMBIT samples. 

EXPRES. Molecular Function Biological Processes Documented protein expression in 

↓ ATXN3 
Ubiquitin-specific 

protease activity 
Protein metabolism 

Caudate Nucelus, Cerebellum 

Frontal Cortex, Pons, Ubiquitous 

↓ BCL2A1 

Receptor signaling 

complex scaffold 

activity 

Apoptosis 
B cell, Bone Marrow, Colon, Intestine, Leucocyte, 

Lymph node, Ovary, Spleen, T cell 

↓ EFF1A1 
Transcription 

regulator activity 
Regulation of cell cycle 

B cell, Islets of Langerhans, Lacrimal gland, 

Leukocyte, Monocyte, Neutrophil, Plasma, Saliva, 

Semen, Skeletal muscle, Tear 

↓ TNFAIP3 
Transcription 

regulator activity 

Regulation of nucleobase, 

nucleoside, nucleotide 

and nucleic acid 

metabolism 

Macrophages 

↓ NFKBIA 
Transcription 

regulator activity 

Regulation of nucleobase, 

nucleoside, nucleotide 

and nucleic acid 

metabolism 

Neutrophil, T cell 

↑ GEMN7 Ribonucleoprotein 

Regulation of nucleobase, 

nucleoside, nucleotide 

and nucleic acid 

metabolism 

Spinal cord tissues 

↑ IGLC1 Antigen binding Immune response B lymphocytes 

↑ MS4A4 Unknown Unknown Intestine and colon 

↑ RAB40 GTPase activity 
Cell communication 

Signal transduction 
Platelets, Liver, Heart, Kidney, Plasma 

 

Rebollo-Mesa, et al AJTx 2016
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Performance 

measure

IS-free 

signature

AUC 0.93

95% CI of AUC 0.86-1.00

CV AUC 0.81

Cutoff 0.54

Sensitivity 0.92

Specificity 0.88

AUC   Timepoint 2 0.83

95% CI of AUC 

Timepoint 2
0.67 - 0.99

Rebollo-Mesa, AJTx et 2016

Diagnostic characteristics of IS-independent signature of 

tolerance
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Robust immunosuppression independence of 

IS-independent set

Rebollo-Mesa, et al AJTx 2016
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Conclusions 3

• P(tolerance) unchanged after steroid withdrawal: New-

signature highlights natural counter-regulatory 

mechanisms, and excludes the alterations of the immune 

effector pathways transiently activated or inhibited by IS 

drugs. 

• This signature is “tolerance –specific” as it is 

significantly different from Healthy Controls

• The use of robust statistical methods that prevent false-

positive results, and control confounding is essential 

prior to translation of clinical prediction models.
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The questions …..
• Are any of these found in tolerance inducing 

strategies?

• Newell KA, et al AJTx 2015; 15: 2908–2920 .

• Have we learned novel mechanisms of tolerance? 

…. Transitional B cells   / Role of steroid pathway
• Increased CD40 Ligation and Reduced BCR Signalling Leads to Higher IL-10 

Production in B Cells From Tolerant Kidney Transplant Patients. Nova-Lamperti E, et al 

Transplantation. 2017 Mar;101(3):541-547

• IL-10-produced by human transitional B-cells down-regulates CD86 expression on B-

cells leading to inhibition of CD4+T-cell responses. Nova-Lamperti E, et al . Sci Rep. 

2016 Jan 22;6:20044.

• Are any of these “true” biomarkers of tolerance?. 

• Clinical trials of weaning are needed = controversial
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