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Background

There is a significant unmet medical need for improved tools to monitor
and guide patient care following organ transplantation. Recipients of
transplanted organs require lifelong immunosuppressive medications and
regular surveillance to determine if the transplanted organ is being
rejected by the reciTheiamonttdas i
Immunosuppressive medications must be carefully balanced: too much
may lead to infections and cancer and too little may lead to rejection of
transplanted organ. Currently available methods are far from optimal as
they are either not specific or are invasive.

Donor-derived cell-free DNA (dd-cfDNA), is an emerging biomarker of
acute cellular rejection in organ transplant recipients (DeVlaminck et al,
Science Transl Med 2014, Gielis et al, Am J Transp 2015; DeVlaminck et
al, PNAS 2015). dd-cfDNA is derived from the transplanted organ and
detectable in blood and urine of transplant recipients. In this study,
plasma levels of dd-cfDNA were assessed for utility in diagnosing
rejection and evaluating treatment response in kidney transplant

recipients in a longitudinal observational trial.
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Figure 1: dd-cfDNA derived from the transplanted organ is
found I n recipientods pl asma.
that levels of dd-cfDNA increase in response to organ injury
or rejection.

Emer

Methods

Study Design

Clinical status, biopsy grade (performed in response to elevated serum
creatinine) and plasma were collected at 326 routine surveillance visits
from 101 patients. Samples from nine patients assigned a biopsy grade |,
Il or Il (NIH criteria) were classified as rejection (R). Samples from
seventeen patients assigned a biopsy grade 0 were classified as
guiescent (Q). cfDNA extracted from plasma samples was analyzed
using a sensitive and accurate clinical-grade Next Generation
Sequencing (NGS) assay assay to quantify dd-cfDNA levels without the
need to separately genotype the donor or the recipient. Standard
statistical measures of significance were used.

dd-cfDNA Assay Design

266 high confidence SNPs with high minor allele frequency, low
amplification error, low linkage, and unbiased regarding ancestral
heritage were selected for amplification and sequencing. cfDNA extracted
from plasma was amplified using limited complexity multiplexes (1-11
targets per amplification) on the Fluidigm Access Array system.

mmune sV

Index sequences were added to each sample and samples were pooled
and sequenced on an lllumina MiSeq. An analysis pipeline incorporating
open source and custom NGS bioinformatics tools was used to align reads
to the SNP regions and determine the number of reads representing each
SNP allele. For each sample, SNPs with a minimum of 1000 reads were
sed;ingthg custom algorithm developed to determine the contribution of
donor-derived sequences and calculate the percent of dd-cfDNA. The
precision and accuracy of the Assay was demonstrated using custom
designed reference material panels independently verified by digital PCR.

KARGO (Kidney Allograft Rejection Gene Expression
Observational Study)
Kidney transplant rqcipients from UCSF

l

Clinical status, including biopsy grade (by NIH criteria) and blood were
collected at routine surveillance visits for up to 15 months.
101 patients, 326 samples
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Figure 2: Samples for the cfDNA in kidney transplant analysis
were selected from the 101 patients and 326 samples

collected in the KARGO study. only samples obtained within 7 days of biopsy
were included in this study.

Results

AThe distribution of percent donor-derived cell-free DNA was assessed
Indngn-pejgetiop samplegse Non-rejection samples areqdefined based on
the following criteria:

Ano rejection by biopsy pathology grade w/in 7 days of the sample

Ano serum creatinine >5 mg/dL

Asamples collected >15 days post transplant

The majority of non-rejection samples have low levels of % dd-cfDNA
(<1%) (Fig 3).

Kidney Transplantation (n=159 samples from 80 KARGO patients)
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Figure 3: The majority of non-rejection samples have low

levels of % dd-cfDNA. %dd-cfDNA was determined in 159 non-rejection samples

from 80 KARGO patients and grouped in categories representing 0.2% increments. The
number of samples in each category is shown as fraction of total number of samples assessed.

Add-chNA levels were significantly higher (p=0.029) in patients with biopsy-

confirmed rejection (R, mean 4.23%) compared to quiescent patients (Q,
mean 0.96%). Creatinine levels were not significantly different between R
and Q patients (p=0.69; mean 4 and 3.1 mg/dL, respectively). Increased
creatinine is often used as an indicator of kidney malfunction and a trigger for
biopsy. However, unlike % dd-cfDNA, the correlation between increased
creatinine levels and kidney transplant rejection is poor (Fig 4).
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Figure 4: Increased dd-cfDNA Correlates with Rejection in

Kidney Transplant Recipients. dd-cfbNA (left panel) and creatinine levels (right
panel) were measured in plasma samples from patients with biopsy-proven rejection (R) and
patients with no observed damage by histopathology (quiescent, Q). Mean %dd-cfDNA in
rejection-associated samples is 4.4-fold higher than in samples from quiescent patients
(P=0.029). Mean creatinine levels are comparable between rejection-associated and quiescent
samples (Mean R/Q=1.1x, P=0.69).

ALongitudinal sample analysis from 15 patients showed increased dd-
cfDNA levels immediately following transplant (mean 2.8%) with reduction
to stable levels below 1% by two weeks post-transplant (Fig 5).
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Figure 5: dd-cfDNA is high immediately following kidney

transplantation and Decreases Over Time in Stable Patients. do-

cfDNA was measured in longitudinal samples from 15 stable patients (no signs of clinical nor
biopsy-proven rejection).

Aln 3 cases with clinically treated biopsy-confirmed rejection and 2 serial

samples following the rejection, levels of dd-cfDNA decreased following
rejection treatment (Fig 6).
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Figure 6: dd-cfDNA is Decreased Following Rejection
Treatment in Kidney Transplant Recipients. dd-cfDNA levels were

determined in longitudinal samples from three kidney transplant patients following increased

Immunosuppresive treatment for rejection.

Conclusions

ADonor-derived cell-free DNA (dd-cfDNA) may be
useful for non-invasive surveillance of kidney
allograft status

A Circulating dd-cfDNA levels are higher at the time of

acute rejection compared to levels found in quiescent,
noni rejecting kidney transplant patients

AThere is potential for dd-cfDNA to identify
successful rejection treatment
A Serially tested donor-derived cell-free DNA provides

Insight into allograft status following rejection
treatment

AThe ongoing measurement of cfDNA may allow
clinicians to better personalize care, fine-tune
Immunosuppression and improve patient
outcomes.
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