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To assess the effect of farnesoid X receptor (FXR), a bile acid nuclear receptor, on renal proximal tubular cells, pri-
mary cultured mouse kidney proximal tubular cells were treated with GW4064 (a FXR agonist) or DMSO (as con-
trols) overnight. Analysis of gene expression in the proximal tubular cells by whole genome microarrays
indicated that FXR activation induced genes involved in fatty acid degradation and oxidation reduction. Among
them, genes involved in glutathione metabolism were mostly induced. Here we describe in details the contents
and quality controls for the gene expression and related results associated with the data uploaded to Gene
Expression Omnibus (accession number GSE70296).

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Specifications

Organism/cell Mus musculus/kidney/proximal tubular epithelial cells

line/tissue

Sex Male

Sequencer or array  Agilent-026655 Mouse GE 4x44k v2
type

Raw data: TXT files, normalized data: TXT
GW4064 vs. DMSO

Data format
Experimental

factors

Experimental A unique microarray dataset of FXR effect on renal proximal
features tubular cells

Consent All protocols were approved by the Cantonal Veterinary

Office in Zurich.
Sample source Zurich, Switzerland

location

1. Direct link to deposited data

Deposited data can be found here: http://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE70296.

* Corresponding author at: Department of Clinical Pharmacology and Toxicology,
University Hospital Zurich, Wagistrasse 14, 8952 Schlieren, Switzerland.
E-mail address: zhibo.gai@usz.ch (Z. Gai).

http://dx.doi.org/10.1016/j.gdata.2015.07.026

2. Experimental design, materials and methods
2.1. Primary culture of mouse kidney proximal tubular cells

Primary proximal tubule cells were isolated from kidneys of C57/B]
mice as described previously [1]. Briefly, kidney cortices from mice
were dissected, sliced, minced and digested in 0.25% Trypsin solution
(Life Technologies BRL, Grand Island, NY) in a shaking incubator at
37 °C for 1 h. Trypsin was neutralized with growth medium (DMEM
and 10% FBS containing 100 U/ml penicillin and 0.1 mg/ml streptomy-
cin). The suspension was pipetted and was passed through a 100-pm
cell strainer (Becton Dickinson Labware, Franklin Lakes, NJ). The sam-
ples were centrifuged (600 rpm for 5 min) to pellet the tubules, washed
with 10 ml of medium, centrifuged, and washed twice more. The final
pellet, consisting mostly of renal tubules, was resuspended in culture
medium (REBM bullet kit, Clonetics), plated onto culture dishes
(Nalge Nunc International, Naperville, IL) and incubated at 37 °Cin a
carbon dioxide incubator with medium changes every 2 days until
confluent. Experiments were carried out in serum-free DMEM. To acti-
vate FXR, cells were starved for 12 h in 0.2% FBS DMEM, then incubated
by the addition of 1 M GW4064 (Sigma-Aldrich, St. Louis, MO USA), or
DMSO (as controls) overnight.

2.2. Microarray and gene expression analysis

RNA was extracted from primary cultured mouse proximal tubule
cells using RNeasy Microarray Tissue mini kit (73304, Qiagen,
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Germany), followed by on column DNase digestion to remove any
contaminating genomic DNA. RNA samples from 4 dishes per group
were subjected to microarray analysis. Briefly, 100 ng of total RNA was
reverse-transcribed into double-stranded cDNA, which was linearly
amplified and labeled with Cy3 dye. Following quantification using a
Nanodrop spectrophotometer (Witec, Luzern, Switzerland) and quality
assessment with Agilent 2100 Bioanalyzer (Agilent Technologies, Santa
Clara, CA), 1.6 pg of the obtained Cy3-labeled cRNA was hybridized to
Mouse GE 4x44K v2 Microarrays (Agilent Technologies, Santa Clara,
CA) according to the manufacturer's protocol. Arrays were scanned
with an Agilent G2565CA Microarray Scanner System (Agilent, Santa
Clara, CA). Raw intensity data were obtained using Agilent's Feature Ex-
traction Software version 10.7 for array image analysis and the calcula-
tion of spot intensity measurements. All microarray data were
submitted to the Gene Expression Omnibus [2] (accession number
GSE70296).

2.3. Normalization

Data analysis was carried out with R/Bioconductor [3]. The proc-
essed intensities and normalized across samples were loaded by using
quantile normalization. All microarray data was submitted to the Gene
Expression Omnibus (accession number GSE70296). Differential ex-
pression was computed using the limma package [4,5]. More details
on analysis methods can be found at http://fgcz-bfabric.uzh.ch/wiki/
tiki-index.php?page=app.two_groups. Gene oncology analysis, net-
work analysis and KEGG pathway analysis of the microarray data
were completed using the DAVID Bioinformatics Resources (National
Institute of Allergy and Infectious Diseases, NIH, USA).

2.4. Basic analysis

First, gene expression was compared between GW4064-treated cells
versus DMSO-treated cells. By using a >1.7-fold change as a cut-off, 550
genes were significantly expressed by FXR activation. Among them, 193
genes were down-regulated and 357 genes were up-regulated (Fig. 1A).
Interestingly, by KEGG pathway analysis, several pathways involved in
fatty acid metabolism and oxidation reduction were induced by FXR
activation. Pathways belonging to oxidation reduction include glutathione
metabolism pathway, drug metabolism pathway and xenobiotic
metabolism pathway (Fig. 1B). Furthermore, by comparison between
public available ChIP-seq data (GSE57305, altered mRNA expression

Fold change 1.7, p < 0.05
193 genes down, 357 genes up

U

KEGG pathway analysis

Term RT  Genes Count (%) P-Value Benjamin
Glutathione metabolism RT 9 (2.1) 3.6E-5 4.6E-3
Complement and coagulation cascades RT 8 (1.8) 2.5E-3 1.5E-1
Arachidonic acid metabolism RT 8 (1.8) 4.4E-3 1.7E-1
Drug metabolism RT 7 (1.6) 1.1E-2 2.9E-1
Tryptophan metabolism RT 5 (1.2) 1.7E-2 3.5E-1
Pyruvate metabolism RT 5 (1.2) 1.8E-2 3.2E-1
Metabolism of xenobiotics by cyp RT 6 (1.4) 2.4E-2 3.5E-1
Fatty acid degradation RT 5 (1.2) 2.5E-2 3.3E-1
Biosynthesis of unsaturated fatty acids RT 4 (0.9) 2.9E-2 3.4E-1

Fig. 1. Comparison of distinct gene expression patterns between the different experimen-
tal conditions. (A) Summary of differentially expressed genes between GW4064 treat-
ment overnight and vehicle control (DMSO). Genes that are differentially increased or
decreased after GW4064 treatment are indicated by orange and green bars, respectively.
Cut-off 1.7-fold, p < 0.05. Of all 550 genes significantly expressed after GW4064 treatment,
357 genes are increased and 193 genes are reduced. (B) KEGG pathway analysis of genes
with a change in expression of >1.7 fold increase (orange bars).

Table 1
Comparison of KEGG pathway analysis between PTCs-GW (from GSE70296) and mLiver-
GW (from GSE57305).

Top pathways induced by FXR in
proximal tubular cells (PTCs-GW from

Top pathways induced by FXR in mouse
liver (mLiver-GW from GSE70296)

GSE70296)

Name pvalue Name p value
Glutathione metabolism 3.6E—5 Pyruvate metabolism 54E—5
Complement and 2.5E—3 Drug metabolism 1.6E—4

coagulation
Arachidonic acid metabolism 4.4E—3 PPAR signaling pathway 6.2E—4
Drug metabolism 1.1E—2 Fatty acid metabolic process  8.2E—4
Tryptophan metabolism 1.7E—2 Glutathione metabolism 25E—-3
Pyruvate metabolism 1.8E—2 Complement and 33E—3
coagulation

Metabolism of xenobiotics =~ 2.4E—2 Metabolism of xenobiotics  3.1E—2
Fatty acid degradation 2.5E—2 Retinol metabolism 22E-2
Biosynthesis of unsaturated 2.9E—2 Biosynthesis of unsaturated 1.7E—3

fatty acids fatty acids

Similar top pathways induced by activated FXR in both datasets are highlighted in bold.

profile of GW4064 treated mouse livers compared to vehicle control,
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE57305) with
our microarray data (GSE70296, effect of GW4064 on primary cultured
mouse kidney proximal tubule cells), we identified that activated FXR
could regulate similar pathways in mouse liver in vivo as the pathways
in mouse proximal tubular cells (such as glutathione metabolism path-
way, drug metabolism pathway, fatty acid metabolism pathway and py-
ruvate metabolic process pathway), indicating a universal role of FXR in
both mouse kidney and liver (Table 1).

3. Discussion

We described here a unique mRNA profile of GW4064 treated
mouse kidney proximal tubular cells. This dataset is composed of
genome-wide expression profiling data measured by Agilent platform.
We showed that FXR activation by GW4064 induced genes involved in
fatty acid metabolism and oxidation reduction. Among them, glutathi-
one metabolism pathway was mostly induced by FXR activation.
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