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The Need : Precision Medicine in Tx 

200x risk of 
cancer

40% death from
infections

5x risk of CV 
disease

Bone lossDiabetes

Cataracts

UNOS, SRTR

Serumcreatinine
Å Insensitive
Å Not specific
Å Late: 60%injured

Kidneybiopsy
Å Expensive
Å Invasive
Å Inter-operatorvariability

Archaic Diagnostic Tools for 
Rejection: LATE Detection
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Donor/Recipient 

Matching

Acute 
Rejection 

Untimely Tx Loss 
By ~10 yrs
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Pre-Transplant Post-Transplant

Delivering the promise of precision medicine 

in transplantation by Blood Based OMICS

TRAP123
Transplant Risk Assessment 

Panel

TxSeq
Transplant Immune 

Repertoire Sequencing

IP

kSORT
Kidney solid organ response test

IP

ddcfDNA

Donor selection

Predict rejection
BEFORE tx

Immucor

Terasaki Foundation 



GENOMICS

Kidney Transplant Patient

GOOD
Transplant Function

Chronic 
REJECTION/ Drug 

Toxicity

Acute Ab mediated 
REJECTION

Acute T cell mediated 
REJECTION

Can Functional Genomics 
Predict Rejection BEFORE            
transplant?

Outcomes NOT 

predicted by 

HLA 

donor/recipient 

matching



EXOME SEQ
Of Donor/ 
Recipient + 
RNASEQof 

Donor 
kidney

Kidney Transplant Patient

GOOD
Transplant Function

Chronic 
REJECTION/ Drug 

Toxicity

Acute Ab mediated 
REJECTION

Acute T cell mediated 
REJECTION

Can Functional Genomics 
Predict Rejection BEFORE            
transplant?

Interrogating the 

impact of 

Non-HLA 

donor/recipient 

mismatches 



EXOME SEQ
DonorBlood DNA 
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EXOME SEQ

RecipientBlood DNA 

Predicting Rejection Immune Risk BEFORE transplant

Illumina HiSeq2500
Rejection

Stable 

Pineda et al, Frontiers in Immunology, 2018

Antigens:
Expressed in donor
Negative in recipient

Drives Immune Response in Recipient = Rejection
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Predicting Rejection Immune Risk BEFORE transplant

Illumina HiSeq2500
Rejection

Stable 

Pineda et al, Frontiers in Immunology, 2018

Identification 
of Variants

Determine 
enrichment in 

antigenic locations 
(Immune cells, 

endothelium, surface 
expressed variants)

Antibody Rejection 

T-Cell Rejection

Stable

Outcomes

Confirm 
expression in 
donor kidney, 

absent in recipient

RNA-Seq
Exome-Seq

EXOME SEQ
DonorBlood DNA 

EXOME SEQ

RecipientBlood DNA 



Higher Number of D/R Variants = Higher Risk of Rejection

Non-HLA
Currently not 

assessed

HLA

Mesnardet al, 2016; Pineda et al, 2018

Antibody Rejection T-Cell Rejection Stable



AMR prediction not possible 
with HLA variants

Transplant Risk Assessment Panel
Assessing Risk of AMR BeforeDoing the Transplant

Transplant Risk Assessment Panel
TRAP123

Antibody Rejection 

T-Cell Rejection

Stable



HLA variants 
are only on 
chromosome 6

Non-HLA rejection 
variants span all 
22 autosomes



Validatedin 123 nHLAvariants for AMR prediction: 
GWAS data-set interrogation of 800 donor/recipient 

kidney transplant pairs

Sarwal, Sirota, Pineda, UCSF; unpublished

Antibody Rejection 

T-Cell Rejection

Stable



Reduction to clinical practice:

Custom SNP Array

Red= D/R variant mismatch; White= D/R variant match

fluidigm

TRAP123
Transplant Risk Assessment 

Panel

T-Cell Rejection

Antibody Rejection 

IP

Stable



TCR and 
BCR

Immuno
Seq

Kidney Transplant Patient

GOOD
Transplant Function

Chronic 
REJECTION/ Drug 

Toxicity

Acute Ab mediated 
REJECTION

Acute T cell mediated 
REJECTION

Can variations in BCRseq

Predict rejection?



Network analysis of B-cell repertoires show 
greater pre-transplant diversityand clonal expansion in 

patients who will reject

Pineda et al, Nature Immunology, 2019, in press

Pre-Transplant 6 Months 24 Months

Post-Transplant

Stable 

Patients

Rejecting 

Patient

TxSeq



Understanding pre-transplant risk

1.Select the donor-recipient pair with the 

lowest risk

2.Independently assess the recipientôs risk 

of rejection (donor-agnostic)

Customize therapeutics to 

rejection risk



Post-Transplantmonitoring for rejection 
should be non-invasive,

predictive, specific, and sensitive



bŀǘŜǊŀΩǎTechnology Designed to Analyze  Cell-Free DNA: mmPCR

Å10+ years of experience 
with cfDNA, over 1 
million tests performed

ÅSingle molecule 
sensitivity in a tube 
of blood

ÅCOGS below $200 
per sample

Proprietary

Molecular

Å>20,000 targets in one reaction, no 

custom equipment

ÅLow DNA input and high yield: as 

low as single cell (6pg)

Proprietary 

Bioinformatics

ÅProprietary algorithms using HapMap, 

TCGA, Cosmic

ÅCloud-based algorithms for signal 

processing on big data

NIPT

Assay

IVF

Assay

Cancer

Assay

Prenatal

Paternity

Assay

Forensics

Assay

Elastic Cloud Computing and Storage Platform

Provisioning, Job Management, Billing

Core Sequencing
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Copy Number Module

Mutation

Analysis

Module

Identify Module

Illumina

MLB Optim
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18

Approach does not use transplant-specific markers and does not require advance 
determination of donor or recipient genotypes

Custom Clinical Design

UCSF/ NateraCollaborative Study


