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The information gathered from the large
number of omics experiments in renal biology is underexplored, as it is scattered over many publications or held
in supplemental data. To address this, we have developed
an open-source Kidney and Urinary Pathway Knowledge
Base (KUPKB) that facilitates simple exploration of these
omics data. The KUPKB currently comprises 220 data sets
(miRNA, mRNA, proteins, and metabolites) extracted
from existing publications or databases. Researchers can
explore the integrated data using the iKUP browser, and
a simple template is provided to submit new omics data
sets to the knowledge base. As an example of iKUP’s use,
we show how we identified, in silico, calreticulin as a
protein induced in human interstitial fibrosis and tubular
atrophy (IFTA) in chronic kidney transplant rejection; a
link that would have been difficult to establish using
existing Web-based tools. Using immunohistochemistry,
we validated in vivo this in silico result in human and rat
biopsies of IFTA, thus identifying calreticulin as a potential new player in chronic kidney transplant rejection. The
KUPKB provides a simple tool that enables users to
quickly survey a wide range of omics data sets and has
been shown to facilitate rapid hypothesis generation in
the context of renal pathophysiology.—Klein, J., Jupp, S.,
Moulos, P., Fernandez, M., Buffin-Meyer, B., Casemayou,
A., Chaaya, R., Charonis, A., Bascands, J.-L., Stevens, R.,
Schanstra, J. P. The KUPKB: a novel Web application to
access multiomics data on kidney disease. FASEB J. 26,
000 – 000 (2012). www.fasebj.org
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The wealth of information produced by omics experiments is still largely underexplored, as it is scattered
across publications, comes in different formats and
versions, and is hidden in figures and supplemental
data. Moreover, most publications only show or focus
on a limited part of the results, as the large numbers of
genes or proteins involved far exceed those of direct or
immediate interest to the researchers. Finally, the results of one experiment should be seen in the context
of other experiments that may show the same or related
entities exhibiting a variety of regulations. As a result,
most of the omics data are inaccessible by search
tools such as Medline (http://www.ncbi.nlm.nih.gov/
pubmed/) or Google (http://www.google.com) and
therefore cannot be readily reused. In addition, although data standardization efforts for reporting have
been established [e.g., Minimum Information about
a Microarray Experiment (MIAME; http://www.
mged.org/Workgroups/MIAME/miame.html), Minimum Information about a Proteomics Experiment
(MIAPE; http://www.psidev.info/index.php?q⫽node/91),
etc.], accessing and comparing these data for the everyday
biologist is long, difficult, and error prone (1).
Research in the renal field is no exception. Largescale experimental techniques, such as microarray transcriptomics, allow parallel analysis of modifications of
large numbers of molecules in different parts of the
kidney, across different diseases, and sometimes from
rare samples, such as kidney biopsies. Several attempts
have been made in the renal field to make some of the
data available via databases on the Web, such as the
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Human and Kidney Proteome Project (ref. 2; http://
www.hkupp.org/), the GenitoUrinary Development Molecular Anatomy Project (ref. 3; http://www.gudmap.
org/), the Inner Medullary Collecting Duct Proteome
Database (ref. 4; http://dir.nhlbi.nih.gov/papers/
lkem/cdpd/), or Nephromine (http://www.nephromine.
org/). Despite these honorable efforts, these databases only
provide access to subsets of information, are devoted to only
one technology of one omics field, and are scattered across
the Web.
Grouping the different omics data sets (different
biological levels, different cells, and different diseases
or models) is difficult without an adequate annotation
mechanism to reduce the semantic heterogeneities
between them (5, 6). To facilitate the reuse and exploration of omics data in the field of renal research, we
present a publicly accessible and updatable repository
that we have called the Kidney and Urinary Pathway
Knowledge Base (KUPKB; http://www.kupkb.org) that
currently contains 220 annotated omics data sets. We
provide a search tool to these data via the KUPKB
interface (iKUP) website, allowing researchers to query
and explore these data. We encourage the community
to contribute new data and take advantage of this use of
novel technology to facilitate data integration and
promote future reuse of these data. To demonstrate
that the KUPKB clearly helps to develop new hypotheses in the renal research domain, we present 2 examples. The first example explains how the KUPKB
helped to identify for the first time calreticulin as a new
potential player in chronic allograft nephropathy [also
known as interstitial fibrosis and tubular atrophy
(IFTA)]. Calreticulin has been recently identified as a
potential actor in the fibrotic process, as Kypreou et al.
(7) have shown that gene and protein expression was
induced in the rat model of unilateral ureteral obstruction. However, until now, access to the expression of
calreticulin in omics experiments in other animal models or in human nephropathies was not available
through classic research tools. We thus used the
KUPKB to find out whether modified expression of
calreticulin was observed in renal pathologies with
fibrosis. In the second example, the KUPKB, in combination with Medline, allowed us to understand atypical
sodium/potassium-ATPase (Na/K-ATPase) localization
in our experimental conditions. In vivo, renal epithelial
cells possess an apical and a basolateral domain, and
this polarization state is tightly linked to their function
and modifies cellular response to stimuli. For example,
the Na/K-ATPase pump, which transports Na⫹ out and
K⫹ into the cell, is strictly localized at the basolateral
membrane of renal polarized cells. Renal cell lines such
as human kidney 2 (HK-2) cells are widely used in in
vitro experiments. We demonstrate here that culture
conditions (i.e., with or without gelatin coating) influence the distribution of Na/K-ATPase and that the
KUKPB helped us to explain this result.
Through the KUPKB and iKUP browser, we have
been able to generate new in silico hypotheses in the
renal field that have been validated in the laboratory. It
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is the integration of various – omic data sets and the
access through a Web interface that has allowed these
hypotheses to be made.
The KUPKB has been developed using a novel approach to publishing data on the Web. So-called semantic web technologies (8) are used to ensure that the
data are described in a way that enables reuse and
integration of the data with future applications in the
KUP domain. This approach provides a showcase for
the technology and a working framework that could be
readily adapted for other biological domains (e.g.,
cardiovascular research and cancer).

MATERIALS AND METHODS
Ontologies
The KUPKB uses an ontology written in the Web Ontology
Language (OWL) called the KUP Ontology (KUPO) as a
schema to organize the data about KUP entities and from
experiments in the KUP domain (Fig. 1 and ref. 9). Ontologies describe the types of entity in a domain and the relationships between those entities (10). Ontologies for the life
sciences are continuing to grow, and coverage for specialized
domains like the KUP domain is ongoing through efforts like
the Renal Gene Ontology Working Group (11). The KUPO
reuses many existing ontologies, thus capitalizing on the work
of others and reducing the effort involved in creating the
KUPKB. The KUPO uses the Adult Mouse Gross Anatomy
Ontology (12), the Cell Type Ontology (13), and the Gene
Ontology (14), as well as fragments of ontologies for disease
and experiments (transcriptomic, proteomic, and metabolomic). A detailed method of the development of the KUPO
can be found in the study of Jupp et al. (9).
The KUPKB is modeled in OWL and stored in the Resource Description Framework (RDF). RDF is a World Wide
Web Consortium standard for publishing data on the Web
(15). Many life science data sets are becoming available in
RDF, offering greater opportunities for data integration (16,
17). Using standard formats for data exchange, such as RDF
and OWL, offers new possibilities for data integration within
the KUP community.
To provide a user-friendly interface to browse the RDF data
in the KUPKB, we developed the iKUP browser. iKUP allows
users to browse through the KUPKB, narrowing their search
to focus on particular proteins or genes in particular locations, with particular functional attributes. More complex
queries can be executed using SPARQL Protocol and RDF
Query Language (SPARQL).
KUPKB background knowledge
The KUPKB has integrated external resources, such as Human Metabolome Database (HMDB), National Center for
Biotechnology Information (NCBI) Gene (18), Universal
Protein Resource (UniProt; ref. 19), MicroCosm (20), and
HomoloGene (21). Various mappings of identifiers were
done to integrate these different data sets into a single
queryable resource. This additional knowledge layer provides
an opportunity to expand user queries on a given gene
symbol to include both the genes and the proteins but also to
link the orthologs across different species.
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Figure 1. Example of entity relationships and organization in KUPO. Cells are related to anatomy and biological process
concepts. By using an ontology language like OWL, we can infer new relationships between concepts based on asserted
information; this ability to perform inference over the data can be exploited when querying the KUPKB.
KUPKB experimental data
An initial set of 220 experiments has been included in the
KUPKB. These experiments span different biological levels
(miRNA, mRNA, proteins, and metabolites), different techniques, different species (mice, rats, and humans), and
different sample types (urine or kidney tissue). Data were
derived from published articles in Medline and have been
extracted manually from the figures or from the supplementary data when possible and then programmatically added to
the KUPKB. No further selection of the data has been
performed before integration. Each gene, miRNA, protein,
and metabolite name has been converted to a stable identifier, i.e., Human Metabolome DataBase HMDB ID for metabolites, NCBI Gene ID for genes, UniProt ID for proteins, and
MicroCosm ID for miRNA, using the open-source MadGene
(ref. 22; http://cardioserve.nantes.inserm.fr/mad/madgene/).
Some raw microarray data sets have also been downloaded from
the Gene Expression Omnibus and analyzed by the open-source
software Gene Armada (ref. 23; http://www.grissom.gr/armada/)
and Bioconductor.
Na/K-ATPase localization
HK-2 cells (American Type Culture Collection, Manassas, VA,
USA) were cultured on an IPCellCulture membrane (it4ip
S.A., Seneffe, Belgium) with or without 1% gelatin coating for
12 d in DMEM/F12 (1:1; Life Technologies, Carlsbad, CA,
USA), 1% penicillin/streptomycin, 10 ng/ml EGF, 5 g/ml
insulin, 36 ng/ml hydrocortisone, 4 pg/ml T3, and 10% fetal
calf serum (Life Technologies). For immunofluorescence
staining, cells were washed with PBS, fixed with 4% PFA, and
permeabilized with 0.3% Triton/0.2% BSA. After saturation
of nonspecific antigenic sites, anti-Na/K-ATPase primary antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was
incubated for 1 h at room temperature.
Animal model of IFTA
Male Sprague-Dawley rats (8 wk old, weighing ⬃250 g; Harlan
ZI Du, Malcourlet, France) with free access to normal salt diet
and water ad libitum were used. Experiments were conducted
KIDNEY AND URINARY PATHWAY KNOWLEDGE BASE

in accordance with the European Communities Council
Directive (86/609/EEC) for experimental animal care and
were approved by the local animal care and use committee.
(UMS US006, Institut National de la Santé et de la Recherche
Médicale, Rangueil, Purpan, PreCREFRE, Toulouse, France).
Surgery was performed as described previously (24).
Briefly, while the rats were under anesthesia with isoflurane/
oxygen inhalation (3%/97%), they were subjected to unilateral nephrectomy. At 7 d after unilateral nephrectomy, rats
were anesthetized with sodium pentobarbital (60 mg/kg ip),
and ischemia was induced by clamping the right renal pedicule for 45 min using atraumatic vascular microclamps (Arex,
Palaiseau, France). After clamp removal, the right kidney was
inspected for restoration of blood flow. At 24-h after reperfusion, all rats were treated daily with ciclosporin A for 28 d.
Sham-treated animals were subjected to the same surgical
procedure (uninephrectomy and ciclosporin A treatment)
without clamping the renal pedicule.
Human kidney specimens
We retrospectively analyzed paraffin sections of renal biopsies
from patients with either minimal change nephrotic syndrome (MCNS) or kidney transplantation (postunclamping
biopsy or grade 2 IFTA). Informed consent was given by the
patients or their parents for use of part of the biopsy for
scientific purposes. All procedures and use of tissue were
performed according to national ethical guidelines and were
in accordance with the Declaration of Helsinki.
Histological analysis and immunohistochemistry
Routine histology was performed using paraffin-embedded
biopsy samples. Sections (4 m) were cut and used for
routine staining (hematoxylin-eosin and periodic acid-Schiff
staining) and immunohistochemistry. All human biopsies
were scored (from 0⫹ to 3⫹) by an expert pathologist
masked to the clinical data to evaluate the score of IFTA. For
immunohistochemistry, human and rat renal tissues were first
dewaxed in toluene and rehydrated through a series of
graded ethanol washes before endogenous peroxidase blockage. Specific primary antibody was incubated (45 min at room
3

temperature) for the detection of calreticulin (Abcam, Cambridge, MA, USA). The Dako Envision system (Dako,
Glostrup, Denmark) was used for visualization. Sections were
finally counterstained with hematoxylin. The percentage of
fibrosis was estimated by Sirius red. Histomorphometric analyses were performed as described previously (25), using a
commercially available image-analysis software that allows
rebuilding of a kidney section from adjacent individual
captures (Mosaïc software; Explora Nova, La Rochelle,
France). The number of stained pixels was quantified for
each section.

real-life examples from our laboratories: we are interested in the role of calreticulin in the development of
renal fibrosis (7), and we used the KUPKB to find out
whether modified expression of calreticulin was observed in renal pathologies with fibrosis; and we routinely use, as do many laboratories, HK-2 cells for
mechanistic studies and observed atypical cellular localization of transporters during attempts to determine
whether these cells can be polarized. We showed how
we used the KUPKB to explain this atypical expression.

Statistical analyses

Calreticulin in the KUPKB

Data are expressed as means ⫾ sd. Mann-Whitney test was
performed for comparison between 2 groups. Values of P ⬍
0.05 were considered statistically significant.

RESULTS
Populating the KUPKB
At the time of writing, the KUPKB comprises 220
miRNA, mRNA, protein, phosphoprotein, and metabolite expression data sets (http://www.kupkb.org/etc/
summary_KUPKBcontent.html) extracted from KUPrelated publications (figures, tables, and supplemental
data); from specific KUP-related databases, including
EureGene, the Human Glomerulus Protein Database,
or the Urinary Exosome Protein Database; or from the
generalistic database repository of high-throughput
gene expression data, the Gene Expression Omnibus.
Experiments include expression data in specific nephron
segments (e.g., glomerulus), kidney cells (e.g., podocyte),
or urine; across different kidney diseases or animal models (e.g., diabetic nephropathy, IFTA, and polycystic kidney disease); and across different in vitro models [e.g.,
transforming growth factor-␤ (TGF-␤) treatment, hypoxia, and high-glucose treatment].
To allow users to submit data for inclusion in the
KUPKB, we developed a spreadsheet template where cell
content is limited to specific terms of KUPO (the user can
choose from a list of appropriate terms) so the data can be
annotated in a straightforward and reproducible way (see
Submit Data tab at http://www.kupkb.org/). These data
can then be automatically added to the KUPKB via its
standard pipelines (9).
Querying the KUPKB using the iKUP browser
The user can search the KUPKB using the iKUP
browser for a molecule or a list of molecules of interest.
The result of the query is returned in a tabular format
to view, at a glance, the current information in the
KUPKB that has been drawn from omics experiments.
The KUPKB is publicly available and will remain so, and
users are encouraged to submit their published data
using the spreadsheet template (see preceding section
and Fig. 2A).
To demonstrate the use of the KUPKB and iKUP
browser in general renal research, we have taken two
4
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Previous work by Kypreou et al. (7) demonstrated that
calreticulin was induced in vivo in the unilateral ureteral obstruction model of renal fibrosis and in vitro in
response to TGF-␤, a major profibrotic molecule. To
find out whether modified expression of calreticulin
was observed in other renal pathologies, we entered
“calreticulin and chronic kidney disease” and “calreticulin and kidney fibrosis” in Medline. The search did
not return any relevant result, except for the publication by Kypreou et al (7). We next searched for “calreticulin” into the iKUP browser. Among other results,
the search revealed that calreticulin mRNA was induced by TGF-␤ (ref. 26 and Fig. 3A, line 1), confirming the result of Kypreou et al. (7). The protein
phosphorylation status was reduced in the same conditions (ref. 27 and Fig. 3A, line 5), an effect associated
with the profibrotic processes in the literature (28).
Another result showed that glomerular calreticulin
protein expression was observed to be unmodified in a
mouse model of diabetic nephropathy (ref. 29 and Fig.
3A, line 4). Finally, the most striking result was that
calreticulin appeared in the KUPKB to be increased in
kidney biopsies of patients with IFTA (ref. 30 and Fig.
3A, line 2). It is important to point out that the original
publications used for these examples were not aiming
to study calreticulin. Information about the expression
of calreticulin was embedded in the supplemental data
among thousands of other proteins; thus, querying
Medline alone for calreticulin and IFTA did not return
this information. It was only after integrating this data
set into the KUPKB and viewing the data alongside
other similar data sets that we were able to unravel this
finding.
We also verified the presence in the KUPKB of
molecules known to be modified in IFTA (Supplemental Table S1). Eight molecules [TGF-␤1, serpine 1
(PAI1), BMP7, COLA1, COL3A1, CD44, vimentin, and
␤2-microglobulin] where found both in the KUPKB
and in Medline. Five other molecules known to be
involved in IFTA were not found in the KUPKB
[S100A4, ACTA2 (␣SMA), HAVCR1 (KIM-1), CCL2,
and ADAM17].
Calreticulin protein is increased in human and rat
biopsies of IFTA
To validate the in silico result that calreticulin was
induced in IFTA, we decided to confirm the proteomics
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Figure 2. Screenshot of the iKUP browser. A) iKUP browser is a simple Web interface to query and retrieve information from the KUPKB.
In this example, the user queried for 2 genes (ATP1B1 and ATP1B2), and the results came back in a tabular form that can be sorted based
on the species, the anatomy/cell, the disease/model or the expression strength. Results can also be filtered by anatomy/cell and
disease/model using the arborescence in the left panel (here the results have been filtered to keep only expression values in a “TGFbeta
in vitro model”). Each result is linked to its publication, as the hyperlink in the Experiment column is connected to the Medline abstract.
B) Short experiment description can be obtained by either mouseover or clicking on the ? button.

result with a targeted study of calreticulin protein
expression in rat and human kidney biopsies of IFTA,
using immunohistochemistry. As shown in Fig. 3B,
calreticulin was significantly induced in the kidney
cortex in a rat model of IFTA induced by the combination of ischemia/reperfusion and ciclosporin A treatment (24), and this effect was associated with increased
renal fibrosis. We also studied calreticulin expression in
renal biopsies of patients with grade 2 IFTA, and,
although not significant due to the limited number of
biopsies (P⫽0.07), calreticulin expression was increased compared with controls (Fig. 3C).
We therefore confirmed the in silico data obtained
using the KUPKB on both rat and human biopsies of
IFTA. The use of the KUPKB thus unburied the knowledge that calreticulin is induced in IFTA.
Na/K-ATPase in the KUPKB
We next investigated whether in vitro culture conditions
(i.e., with or without gelatin coating) might influence
distribution of Na/K-ATPase and how this could be
KIDNEY AND URINARY PATHWAY KNOWLEDGE BASE

explained using the KUPKB. We first cultured HK-2
cells in gelatin-coated plates. Surprisingly, in these
conditions, the cells expressed an Na/K-ATPase localized at the apical membrane of the cells (Fig. 4A),
indicating an inappropriate polarization state of the
HK-2 cells. Na/K-ATPase is a heterodimeric complex
formed by the assembly of 2 ␣ (catalytic) and 2 ␤
(chaperone) subunits (31). It has been shown that
atypical localization of the Na/K-ATPase to the renal
cell apical membrane could be induced by expression
of the alternative ␤2 subunit (ATP1B2) instead of the
common ␤1 isoform (ATP1B1; ref. 31). To understand
what stimuli might induce such an imbalance, we
entered a search for ATP1B1 and ATP1B2 into the
iKUP browser (Fig. 2A).
The search revealed, among other data, that the ␤1
isoform mRNA was down-regulated, whereas the ␤2 was
up-regulated in “kidney proximal tubule epithelial cell”
in a “TGFbeta in vitro model” (ref. 26 and Fig. 2). The
experiment description (Fig. 2B) showed that the data
were obtained after a microarray experiment from
HK-2 cells treated with 2 ng/ml TGF-␤ for 48 h. These
5

Figure 3. Calreticulin expression is induced during IFTA. A) Query results returned by the iKUP browser and sorted for expression strength
are summarized. B) Collagen accumulation (i.e., fibrosis) and calreticulin expression were studied using Sirius Red staining and calreticulin
immunohistochemistry, respectively, in a rat IFTA model. Representative pictures for sham-operated animals (uninephrectomy⫹ciclosporin
A) and animals with uninephrectomy⫹ischemia/reperfusion⫹ciclosporin A for 28 d (IR⫹CsA) are shown for each staining, together with
histological quantification (n⫽6 animals/group). C) Calreticulin expression was studied by immunohistochemistry. Representative pictures
for patients with grade 2 IFTA and controls (i.e., biopsy of patient with MCNS and postunclamping/time 0 graft biopsies) are shown,
together with histological quantification: MCNS, n ⫽ 1; postunclamping, n ⫽ 3; IFTA, n ⫽ 3. Control staining using a primary, nonrelevant
anti-HA rabbit antibody did not result in significant staining in either the rat or human samples (see Supplemental Fig. S1). *P ⬍ 0.05 vs.
sham treatment.

conditions were highly indicative of epithelial to mesenchymal transition (EMT; ref. 32) and suggest that the
␤-subunit isoform shifted from ␤1 to ␤2 during this
process; a hypothesis confirmed by others (33). In the
literature, it is known that renal cells exposed to culture
plates coated with type I collagen are more prone to
undergo EMT (34). It is noteworthy that gelatin used to
coat the plates is mainly composed of type I collagen.
Altogether, these results suggested that gelatin might
be responsible for the atypical localization of the Na/
K-ATPase by inducing molecular modifications associated with EMT. Indeed, we observed the first signs of
the acquisition of a mesenchymal phenotype when
HK-2 cells were grown on gelatin for 48 h (e.g., increased vimentin and decreased E-cadherin expression;
see Supplemental Fig. S2).
Na/K-ATPase localization is restored by gelatin
suppression
To test this hypothesis, we next studied Na/K-ATPase in
HK-2 cells cultured without gelatin. Confocal microscopy
results showed that in these conditions, the Na/K-ATPase
was correctly localized to the basolateral membrane and
in intracellular reticulum vesicles (Fig. 4C).
This example shows that the combination of Med6
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line, KUPKB, and general knowledge of the field
allowed the explanation of the atypical in vitro results
and correcting targeting of Na/K-ATPase to the basolateral membrane by modification of culture conditions.

DISCUSSION
The wealth of precious omics information is still largely
underexploited, as it is often used only once for the
experimenter’s primary goal and then overlooked, as
data are hidden in figures and supplementary data,
making it harder for others to reuse these data. We thus
developed, in the domain of renal research, a tool, the
KUPKB, to gather, accurately annotate, and integrate
scattered KUP data. The KUPKB, via the iKUP browser,
is the first publicly available bioinformatics tool that can
help researchers to exploit biological results to understand renal pathophysiology and assist biomarker discovery and molecular pathway modeling for diseases
affecting the kidney and urinary pathways.
iKUP currently allows users to search for single or
multiple genes, proteins, and miRNAs and rapidly survey
a rich collection of experimental outcomes to see where
and how these entities are expressed in terms of renal
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Figure 4. Na/K-ATPase localization is modified by gelatin-induced EMT. A) Confocal microscopy analysis of Na/K-ATPase
expression was performed on HK-2 cells cultured for 12 d on gelatin coating. B) Query results returned by the iKUP browser
and filtered for “TGFbeta in vitro model.” C) Confocal microscopy analysis of Na/K-ATPase expression was performed on HK-2
cells cultured for 12 d without coating.

location and renal disease. We show in the KUPKB that by
integrating these data, we can begin to find new discoveries in the data that previously would have been lost or at
least very difficult to extract by hand.
We also integrated available metabolomics studies in
the KUPKB, and search is available in iKUP for HMDB
IDs or metabolite names. Metabolome analysis is still a
novel approach in the KUP domain. Therefore, metabolomics data are scarce in kidney diseases, and the KUPKB
only comprises 24 metabolomics data sets (coming from 5
publications) at this time. However, we expect that this
technology will evolve rapidly, as urinary metabolomics is
considered a very promising strategy for diagnosis or
comprehension of kidney diseases (35).
Here we have used 2 examples to demonstrate how
the iKUP browser may help researchers to develop
easily new hypothesis in the renal research domain that
were either not possible or more difficult to formulate
using only classic tools, such as Medline. The first
example demonstrated how calreticulin was confirmed
in vivo as a new potential actor in IFTA, and this would
not have been possible without the use of the KUPKB.
It is beyond the scope of this article to discuss these
results further, but altogether they suggest that a better
understanding of the role of calreticulin might be of
potential use in the context of IFTA. To our knowledge,
this is the first time that calreticulin has been shown to
be potentially involved in a human renal disease.
The second multisource example combined the
KUPKB, Medline, and general knowledge from the
field to hypothesize that gelatin-induced EMT might be
also responsible for abnormal Na/K-ATPase localization, a result further confirmed in vitro. Here also, this
hypothesis would not have been formulated and validated without the help of the KUPKB.
KIDNEY AND URINARY PATHWAY KNOWLEDGE BASE

These two examples show how the KUPKB and iKUP
browser can find their place in the renal research cycle.
By allowing exploration of all the outputs of many types
of high-throughput studies, the KUPKB and iKUP
browser thus clearly represent significant progress in
the state of the art in the field of nephrology.
Yet, the KUPKB is not complete. As shown in the
example of IFTA (Supplemental Table S1), some of the
molecules known to be involved in IFTA are seen in
the KUPKB, while others are not. The reason might be
either that these molecules are difficult to detect with
omics approaches (in KUPKB) compared with targeted
techniques (in Medline; e.g., enzyme-linked immunosorbent assay vs. mass spectrometry, real-time polymerase chain reaction vs. microarrays) or simply that
data are currently missing in the KUPKB and should be
added over time. Note that some of the molecules that
are defined as biomarkers of IFTA in Medline also
appear in other diseases in the KUPKB. The KUPKB
can thus provide valuable information on the specificity
of a biomarker for a specific disease.
New data are published frequently. For this reason,
we propose the KUPKB as a collaborative tool, as users
can submit data for inclusion via a spreadsheet template. The populating of the KUPKB is a semiautomated process and is necessarily so. Where data already
exist in a machine-readable form, such as a relational
database, spreadsheet, or RDF store, they can be programmatically incorporated into the KUPKB. However,
where the experimental data are in papers or some
bespoke format as supplemental data, some manual
intervention to render those data suitable for the
automatic transformation into the KUPKB’s representation is necessary. For the KUP domain, the number of
omic experiments is relatively small and has been
7

manageable in the development of the KUPKB. The
need for manual intervention is unlikely to go away, but
the spreadsheet template and the use of community
crowd sourcing should ameliorate this problem.
The main limitation of the KUPKB is that there is no
normalization across the data sets. Most of what can be
seen in the KUPKB is based on trust with respect to
what the authors published. While we could try to
normalize across similar experiment types, e.g., certain
kinds of microarray experiments, it would be extremely
difficult to do this kind of normalization for all experiment types. Our approach was to make as much
information as possible available for a wide range of
experiments and make clear links back to the original
publications so the users can decide which results they
want to trust. To help the users with this, we give some
details about the analysis (extracted from the abstract
or the materials and methods section) and the link to
the full publication. Details on the analysis done by the
authors can be found in the original publication, as
each experiment has been linked to its respective
PubMed identifier (PMID).
The iKUP browser will soon offer more options. We
will provide an advanced query browser that will allow
for a search of all the common genes, miRNAs, proteins, and metabolites that are differentially regulated
in one or multiple diseases, locations, and/or biological process. Moreover, we aim to develop a visualization
module that will enable the user to expose a selected set
of molecules in a graphical way, displaying all the
known interactions and relationships between these
entities. In addition, we believe that although the KUPKB
focuses on the kidney, the structure of the KUPKB and its
easy-to-use interface will also be readily adaptable to any
other biological discipline or organ. The core of the
KUPKB can be easily populated with new data using the
spreadsheet template. The KUPKB contains external resources, such as NCBI Gene, UniProt, HomoloGene, and
MicroCosm. This additional knowledge layer provides
opportunities to link miRNA, mRNA, and proteins when
searching for a given entity but also to link the orthologs
from different species. This information is universal and
holds for any domain. Altogether, this makes the KUPKB
easily adaptable for other biological domains.
In summary, the KUPKB combined with the iKUP
browser provides a new resource for the KUP community where previously scattered information from the
literature and existing databases, from different biological levels, different species, different portions of kidney anatomy, and different renal diseases has been
integrated into a single repository for exploration. We
expect this knowledge base to be of help to better
understand complex results, to quickly retrieve information, and to generate new hypotheses in the context
of renal pathophysiology.
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