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Kidney transplantation is the treatment of choice for
patients with end-stage kidney disease. While the proce-
dure is very successful in the first years following trans-
plantation, long-term rejection of allografts remains a
major problem despite immunosuppression and a fur-
ther difficulty is the worldwide shortage of organs suit-
able for transplant. There is therefore a tremendous
need to identify new therapeutic pathways that could be
targeted to improve the long-term survival of kidney
transplants. The study published in this issue of eBio-
Medicine by Colas et al. takes a novel approach to under-
standing operational tolerance by performing urinary
metabolomic profiling, using ultrahigh performance
liquid chromatography with high resolution mass spec-
trometry. The results identify a urinary metabolomic
signature in a cohort of spontaneously tolerant kidney
transplant recipients.1

This unique cohort is defined by the stable and
acceptable function of their allografts in the absence of
immunosuppressive treatments.2 To date the mecha-
nisms underlying such tolerance have not been fully
elucidated despite data indicating distinct immunologi-
cal modifications in the operationally tolerant group (eg
in regulatory B and T follicular helper lymphocytes3,4

and the recent observation of a specific proteobacteria
urinary profile).5 In the current study, the following
groups were compared: healthy volunteers, spontane-
ously tolerant allograft recipients, patients treated by
minimum immunosuppression, patients considered
stable on the basis of graft function and treated by con-
ventional immunosuppression and patients with sub-
clinical antibody mediated rejection (scABMR).

First, a total of 2700 urinary metabolites were exam-
ined by unsupervised clustering. This distinguished the
metabolome of healthy volunteers and of tolerant
patients from the other transplant patient groups. Sec-
ond, the metabolomic signature of spontaneously toler-
ant patients revealed by twelve leading ions was specific
and distinct from that of the other transplant recipient
groups. Finally, the profile of the spontaneously tolerant
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cohort selectively implicated the kynurenine metabolic
pathway and was associated with elevation of three tryp-
tophan-derived urinary metabolites.

The scABMR group was included only in the first
stage of non-supervised clustering analysis and could not
be distinguished from other patient groups, this is likely
to be due to including too low a number of scABMR
patients to allow delineation. Future studies will be
needed to investigate this important patient group.

The results of this study are exciting for several rea-
sons, monitoring kidney transplant survival currently
requires regular biopsies and although the shortcom-
ings of analysis of biopsies have been underlined, a
non-invasive molecular method that is accurate, easy to
perform and inexpensive to implement has not yet been
developed. The urinary metabolome is particularly perti-
nent with regard to allograft monitoring, not only
because of the non-invasive nature of the procedure but
also because urine is a direct product of the kidney
transplant. There have been reports of urinary studies
identifying selective metabolomic profiles in allograft
rejections following kidney transplantation and previ-
ous studies have revealed panels of metabolites that
could diagnose T cell mediated rejection (TCMR) from
non-TCMR with a high degree of specificity. Blydt-Han-
sen et al. analysed 134 urinary metabolites and revealed
a panel of ten that identified TCMR with high specificity.6

Sigdel et al compared biopsy-matched urine samples from
310 pediatric renal transplant recipients and reported
encouraging results since a series of eleven metabolites
specifically associated with acute rejection and 4 metabo-
lites distinguished BK viral nephritis from acute rejection.7

Nissaisorakarn identified a four-metabolite panel and this
was further improved upon by combination of the four
metabolites with a three-gene signature.8

However, this is the first report of urinary metabolo-
mic data from a cohort of spontaneously tolerant
patients. A high overall number of metabolites were
detected and the results represent a new step in pin-
pointing metabolic pathways involved in spontaneous
tolerance. These data also pave the way for future stud-
ies enhancing or disrupting these pathways to allow
their evaluation as targets for new therapies potentially
leading to tolerance in kidney transplant recipients in
general. It is interesting to note that the metabolites
identified indicate pathways that have already been
implicated in immune regulation and indeed in
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transplant tolerance such as the enzyme indole 2,3-
diamine oxygenase (IDO) in a murine transplant model.9

Moreover, higher urinary IDO levels were detected in sta-
ble pediatric transplant patients compared with healthy
volunteers.10

In summary, the study by Colas et al. provides data
from a particularly interesting patient cohort that are
likely to lead to larger and multicentric studies. Such
studies will fully elucidate the degree to which urinary
metabolite profiles may distinguish different clinical
groups of kidney transplant patients. They will also
highlight pathways implicated in spontaneous tolerance
that could be exploited to develop new treatments for
the vast majority of non-tolerant transplant patients.
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