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Introduction

ccess to high-quality data is
A essential for advancing
nephrology research; however,
many researchers face significant
barriers to access these resources.
The cost of data acquisition and
the complexity of navigating data
repositories can hinder equitable
access, particularly for those in
smaller institutions or developing
regions. This may be compounded
by a lack of awareness of the range
of multidisciplinary data sources
among researchers, in part because
of increasing research subspeciali-
zations; for example, basic scien-
tists may not be familiar with the
range of clinical datasets. Paywalls
may present an additional obstacle,
and it is noteworthy that of the top
20 Nephrology journals, only 4 are
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entirely open access, with 15 tak-
ing a hybrid approach.'

Nephronexus.com is an online
directory of publicly available
research data in nephrology. Here,
we review this resource, which has
organized data according to bio-
logical scale starting at the largest
data scale, national registries and
large patient cohorts, before mov-
ing to tissues, protein expression,
transcriptomics and concluding at
the gene level. By identifying
and collating these repositories
and datasets, and highlighting
their key features, we aim to
provide a helpful resource to re-
searchers, to empower them
to leverage existing data, maxi-
mizing resource efficiency, and
promoting collaborative efforts in
the nephrology community. By
enhancing access, we aim to
facilitate more equitable research
opportunities, improve the quality
of in silico studies, encourage
of data,
greater collaboration between dis-
ciplines, and help drive forward
the understanding and treatment
of kidney diseases.

maximum utilization
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Patient-Level Data
Patient-level data from registries
and disease-specific cohorts offer a
wealth of opportunities for
nephrology research. Examples
include epidemiological studies to
estimate disease prevalence and
incidence populations,
enabling the identification of high-
risk groups and tracking disease
progression  over  time, and
between-group comparisons to
disparities or opportu-
nities.” Such data are also invalu-
able for identifying risk factors,
because patient demographics,
comorbidities, and lifestyle infor-
mation allow researchers to explore
associations with disease onset and
progression and outcomes.
Longitudinal analysis is another
major application of patient-level
data. Registries, which often
collect information over extended
periods, enable researchers to track
important long—term outcomes
such as the progression to chronic
kidney disease, the initiation of
dialysis, or patient mortality. This
real-world data is essential for
evaluating the effectiveness of
treatments  and

acCross

reveal
2-6

interventions
outside controlled clinical trials,
providing insights into how ther-
apies and policies perform across
diverse patient populations.’”

These data can drive clinical de-
cision support systems by enabling
the development of predictive
models tailored to individual pa-
tient profiles. Such models facilitate
personalized medicine approaches,
where treatments are customized
based on patient-specific factors.
Risk stratification tools such as the
kidney failure risk equation,
developed from these datasets, as-
sists clinicians in predicting disease
progression and planning care
accordingly, and can even help
enrich trial recruitment to improve
event rate and power.” >’
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Finally, registries and disease-
specific cohorts are indispensable
in clinical trials, both for identi-
fying eligible participants and for
assessing whether trial results are
generalizable to broader patient
populations. By embedding clin-
ical trials within existing health
care structures, researchers can
conduct  more cost-effective
trials, leveraging preexisting data
to facilitate recruitment and
outcome measurement.”* *° This
embedded trial design can signifi-
cantly reduce costs and improve
trial efficiency. In Supplementary
Table S1, we present multiple

international registries of
patients with kidney disease
(Supplementary references).

Disease-specific clinical cohorts are
described in  Supplementary
Table S2.

Tissue-Level Data

Patient-level and cohort data are
limited in their ability to reveal
pathophysiology or generate new
biological insight. Here, tissue-
level data plays a fundamental
role in understanding kidney dis-
ease at the organ, cellular, and
molecular scale. Through biobanks
and kidney-specific tissue atlases,
researchers can gain insights into
the spatial organization and
cellular composition of the kidney.
By leveraging these detailed tissue
resources, nephrology researchers
can achieve deeper understanding
than patient data alone.

Biobanks collect and store
biological materials,
including blood, urine, kidney
tissue, and genetic samples, from
individuals with different kidney
conditions. By linking these sam-
ples with detailed clinical data,
biobanks provide researchers with
a powerful tool for investigating
the underlying mechanisms, bio-
markers, and genetic factors asso-
ciated with kidney diseases.
Moreover, these resources can

various
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facilitate the development of novel
diagnostic tools, prognostic in-
dicators, and targeted therapies
tailored to individual patients.
These data are contained in
Supplementary Table S3.

Tissue atlases in kidney research
represent comprehensive catalogs
of tissue of healthy and diseased
kidneys. These atlases offer re-
searchers a wealth of information
about cell architecture, spatial
distribution gene and protein
expression, and cellular in-
teractions within the kidney across
different developmental stages,
physiological conditions, and dis-
ease states. In Supplementary
Table S4, we present these atlases
as resources for exploring disease
mechanisms, validating a re-
searcher’s own transcriptomic or
genetic data, or testing preliminary
hypotheses without expensive
experiments.

Transcriptomic Data

RNA sequencing (RNA-Seq) has
revolutionized the field of
nephrology research by providing
unprecedented insights into gene
expression patterns and mRNA
dynamics within the kidney. With
over 1000 tools now publicly
available for use, and increasing
consensus about best practice and
optimal workflow, these datasets
provide rich insights for re-
searchers who can access and
analyze them. The key repositories
for sequencing data include Gene
Expression Omnibus (GEO),
Expression Atlas, BioProject, and
Array express.

GEO is specifically designed for
storing and sharing gene expres-
sion data, particularly from
microarray and RNA-Seq experi-
ments. Managed by the National
Center for Biotechnology Informa-
tion, GEO archives high-
throughput gene expression data
and allows users to search, analyze,
and visualize datasets. Researchers
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can access a vast collection of
RNA-Seq data, including raw
sequence reads and processed gene
expression levels, from various
studies related to kidney health
and disease. GEO not only facili-
tates the sharing of data but also
provides tools for meta-analysis,
enabling scientists to glean in-
sights from multiple studies. The
Expression Atlas contains RNA-
Seq and microarray data and is
maintained by the European Bio-
informatics Institute, and focuses
on gene expression data across
different conditions, tissues, and
developmental stages.

In contrast to GEO and the Eu-
ropean Bioinformatics Institute’s
Expression Atlas, BioProject pro-
vides a broader, project-oriented
view of biological data. It is a Na-
tional Center for Biotechnology
Information resource that orga-
nizes information about scientific
projects and datasets associated
with the study of biological sys-
tems. It serves as a repository for
various  genomic and tran-
scriptomic data, linking to multi-
ple data types, including RNA-
Seq.

Finally, ArrayExpress is another
database managed by the European
Bioinformatics Institute, designed
specifically for storing and sharing
functional genomics data,
including RNA-Seq, microarray,
and other high-throughput
studies. ArrayExpress includes
functional genomics data, encom-
passing not only gene expression
data but also epigenomics and
proteomics. Each data set in
ArrayExpress comes with detailed
annotations, including
mental design, sample characteris-
tics, and platform details, ensuring
that researchers can thoroughly
understand the data.

These repositories are search-
able with standard MESH terms,”’
the data are often submitted
support

experi-

to repositories to
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publication, where the focus is
data storage, technical specifica-
tions of the sequencing workflow
and generic clinical description of
the  datasets.  Supplementary
Table S5 is a curated, kidney-
specific RNA-Seq and multiomics
data relevant to nephrology
research.

Genomic Data

Through high-throughput seque-
ncing technologies and genome-
wide association studies,
researchers search for genetic varia-
tions, rare mutations, and poly-
morphisms implicated in kidney
disease. These databases and pro-
jectsinvolve sequencing of germline
DNA, often in large populations,
and may be linked to phenotypic
or health data. Understanding
normal variation is a key part of
genomic analysis, and we include
resources that focus on common ge-
netic variants in the population,
used to understand normal genetic
diversity. We also provide a selec-
tion of key diagnostic and research
cohorts. These cohorts are typically
smaller, disease-focused, and
may involve highly specialized
research groups as described in
Supplementary Table S6.

Artificial Intelligence Training

Data

Computational tools are at the
forefront of modern research. The
2024 Nobel Prize in Chemistry was
awarded to John Jumper and
Demis Hassabis from Google
DeepMind for the development of
Alphafold2, which is an AI model
used for the prediction of protein
structure.”**’ With the growing
application of artificial intelligence
(AI) and machine learning in
biomedical research, access to well-
curated and annotated datasets is
critical for training accurate and
robust models. There are many
roles for AI and machine learning
approaches in nephrology and
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transplantation, including data
analysis, discovery science, clinical
prediction, and decision-making
support and patient facing
communication roles.

Models require training and
public resources offer
kidney-specific datasets. These
datasets are sourced from diverse
platforms and include both clinical
and research data, allowing for
advanced AI applications such as
kidney tissue segmentation, histo-
pathological analysis, and disease
classification. In Supplementary
Table S7, we provide key pub-
licly available AI training datasets
relevant to kidney research.

several

Conclusion
The landscape of publicly available
data in nephrology offers many
opportunities for researchers to
advance our understanding of
kidney diseases through in silico
approaches. By leveraging public
resources, such as registries, bio-
banks, transcriptomic datasets,
and Al training data, researchers
can conduct innovative studies
with less cost and effort. Such re-
sources are maintained at
nephronexus.com

Using publicly available datasets
can present challenges. There may
be ethical and governance consid-
erations that will need to be navi-
gated, particularly when accessing
patient-level  data.  Researchers
may encounter data-related issues,
such as inconsistent formats,
incomplete datasets or limited met-
adata. This can hinder reproduc-
ibility and interpretation. Datasets
generated by others might have
specific technical biases or natural
limitations based on their work-
flow, experimental design, and
research goals. This is not always
obvious to a new researcher,
thereby potentially limiting their
utility  for
Finally, a degree of technical skills
and computational resources will

secondary analyses.
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be required, which will vary based
upon the mnature of the data
and task at hand. Despite these
challenges, the benefits of using
publicly available datasets
outweigh the challenges in many
cases. By facilitating cost-effective
and wide-reaching studies, these
resources help advance nephrology
research, foster a more inclusive
community and improve patient
outcomes.
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Supplementary File (PDF)
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