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We thank Moore et al. for their stimulating editorial
commentary on our recently published article “Circular
RNAs in Urine of Kidney Transplant Patients with Acute T
Cell-Mediated Allograft Rejection.” (1).

Acute T cell-mediated allograft rejection episodes
eventually lead to chronic allograft dysfunction with massive
impact on patient outcome (2). Acute rejections are detected
by elevated levels of serum creatinine and subsequent renal
biopsy analysis. However, increases in serum creatinine
are often delayed and renal biopsies bear high risks for
complications. Correspondingly, we agree with Moore
et al. that novel non-invasive diagnostic tools are of ultimate
interest as timely application of immunosuppressants is
crucial for successful allograft stabilization.

Circular RNAs (circRNAs) are single stranded and
covalently closed circular RNA transcripts that were first
discovered in 1976 as virods with pathogenic activity
towards certain higher plants (3). Thereupon, circRNAs
were overlooked as mis-splicing events yielding solely low
expression levels. In 2012 and 2013 though, Salzman ez /.,
Jeck er al. and Memczak er al. made the groundbreaking
discovery of thousands of ubiquitously expressed circular
RNAs using both advanced next generation sequencing
and adapted bioinformatic algorithms (4). CircRNAs
are formed by backsplicing when a 5" splice donor site is
joined to an upstream 3" splice acceptor site. CircRNA
generation is favored in genomic regions with long
flanking complementary introns containing inverted repeat
elements, such as Alu repeats. Backsplicing is further
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processed by the canonical splicing machinery with the
support of trans-acting RNA binding proteins (RBPs),
such as FUS, the protein quaking, NF90 and NF110 (4).
Of note, circRNAs represent molecular features that
are particularly useful as biomarkers. First, resistance
towards exonucleases make circRINAs stable in extracellular
fluids, thereby yielding long half-lives exceeding 48 hours
(4,5). Second, circRNAs are abundant in various human cell
types. And third, circRNA expression patterns are diverse
among different cell types (6). We thus hypothesized, that
differential circRNA expression might be a direct surrogate
of deteriorations in the kidney without the need of an
invasive renal biopsy. In a first circRNA study we found
circular RNA sponge of miR-126 (ciRs-126) highly increased in
blood of patients with acute kidney injury (AKI) compared
to controls. Further analysis revealed that ¢iRs-126 acts
additionally as an independent predictor of survival (7).
In our next circRNA study, discussed in this letter to the
editor, we tested whether circRNAs are detectable in urine
as well and if differential expression of urinary circRNAs
may identify patients with acute T cell-mediated renal
allograft rejection. We measured increased levels of hsa_
circ_0001334 recognizing patients with acute rejections
already at subclinical timepoints. In addition, the decrease
of kidney function was positively correlated with elevated
levels of hsa_circ_0001334 one year after transplantation (1).
As highlighted by the editorial authors, this novel diagnostic
approach may prevent future invasive renal biopsies in
transplant patients and may represent a rapid diagnostic
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procedure.

As pointed out in the editorial commentary, our findings
are based on a single-center study. We thus agree, that
more patients in a multi-center setting are highly desired
for future validations of hsa_circ_0001334 as an urinary
biomarker. With respect to the ideal molecular properties
of circRNAs, we also suggest utilizing urinary circRNAs as
novel non-invasive biomarkers of other kidney diseases.

As noted in the editorial commentary, the corresponding
linear mRNA minichromosome maintenance complex
component 2 has previously been reported as biomarker of
renal tumors (8) and might thus indicate renal origin of hsa_
circ_0001334 as well. Our study demonstrated a close relation
between acute rejections and urinary circRINA levels. Recent
literature indicates that nucleic acids are primarily packaged
into exosomes and are thereby released into the extracellular
space. Exosomes are small vesicles between 40-100 nm. They
are secreted by most cell types upon fusion of multivesicular
endosomes with the cell membrane. Interestingly, RNA
sequencing has shown that circRNAs are highly expressed
in exosomes compared to their donor cells (9). In addition,
exosomes have been found in renal tissue and in released
urinary exosomes deriving from all types of epithelial cells
along the nephron (10). CircRINAs in exosomes can thereby
provide direct insights into the whole kidney. In contrast,
renal biopsies solely represent one or more cylinder of the
kidney. Further work on the exact release mechanisms of hsa_
circ_0001334 in our study and urinary circRNAs in general is
thus highly suggested.

CircRNAs are expressed in a tissue-specific manner, are
highly conserved between species (human and mouse) (4)
and are differentially expressed upon disease induction
(1,7) suggesting an important role in cell biology. Despite
the fact that our study provided bioinformatic insights
for potential microRNA bindings sites, we suggest, as
mentioned by the editorial commentary, further studies
addressing functional analyses. In general, the cellular
location of circRNAs may determine their mechanism of
action. Whereas the vast majority of exonic circRNAs are
cytoplasmic, intronic RNAs are mostly expressed in the
nucleus (4). Although the elucidation of circRNA function
is still in its infancy, important cellular mechanisms have
already been identified. First, circRNAs can act as miRNA
sponges, thereby preventing target mRNAs repression.
Second, circRNAs expressing motifs for RBP can sponge
their protein function. Third, circRNAs are described
as enhancer of protein function, as exemplified for the
RNA polymerase II complex with the Ul small nuclear
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ribonucleoprotein. Fourth, circRNAs can scaffold proteins
by bringing enzymes and substrates into close proximity to
regulate reaction kinetics, as demonstrated for phosphatases,
acetylases and ubiquitin ligases. Fifth, circRNAs facilitate
protein recruitment to specific cellular loci. Sixth, circRNAs
containing internal ribosome entry site (IRES) elements
and AUG sites can act as templates for translation, thereby
generating specific peptides (4).

Taken together, our study established tools for the
biomarker discovery of urinary circRNAs and specifically
identified urinary hsa_circ_0001334 as a novel non-invasive
biomarker of acute T cell-mediated renal allograft rejection
at subclinical timepoints. This study can be helpful for
future collaborative work at the conjunction of clinical- and
basic research using the promising potential of circRNAs as
diagnostic tool.
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