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Key Points

e We report the transcriptomes associated with acute corticosteroid regulation of ENaC activity in
polarised mCCDq; collecting duct cells.

e 9 genes were regulated by aldosterone (ALDO), 0 with corticosterone alone and 151 with corticosterone
when 11BHSD2 activity was inhibited.

e  We validated 3 novel ALDO-induced genes: Rasd!, Sultld] and Gm43305 in primary cells isolated from

a novel principal cell reporter mouse.
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Abstract

Background

Corticosteroids regulate distal nephron and collecting duct Na* reabsorption, contributing to fluid-volume and
blood pressure homeostasis. The transcriptional landscape underpinning the acute stimulation of the epithelial

sodium channel (ENaC) by physiological concentrations of corticosteroids remains unclear.
Methods

Transcriptomic profiles underlying corticosteroid-stimulated ENaC activity in polaris€d mCCR,.; cells were

iptome of mCCDy; collecting duct cells and identifies a small number of aldosterone-

induced genes aS8@ciated with acute stimulation of ENaC, including 3 previously undescribed genes.
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Introduction

Aldosterone (ALDO) and cortisol both influence blood pressure: ALDO as the final effector in the renin-
angiotensin-aldosterone system (RAAS), promoting Na* reabsorption in the kidney; cortisol, in addition to being
thought of as a “stress” hormone, being linked to the circadian rhythm of blood pressure. Within the kidney,
ALDO acts specifically in the cells of the "aldosterone-sensitive distal nephron” (ASDN), where the
mineralocorticoid receptor (MR) and the enzyme 11-beta-hydroxysteroid dehydrogenase type 2 (113HSD2) are
both expressed.! 11BHSD2 converts circulating cortisol to the inactive metabolite cortisone, conferring ALDO

specificity to the ASDN which has previously been demarked as the late distal convoluted tubule (DCT2),

connecting tubule (CNT) and collecting duct (CD).! There is now increasing evidence that 11BHSD2 is absent in

the Na*/K* ATP-ase. ENaC is rate-limitin
hormones and bioactive factors.® El
have involved many studies over
whole kidney homogenate, micro
cell lines;'>™* utilising
generation sequencing have been identified which encode target proteins including the serum and
glucocorticoid-induce 1) and the glucocorticoid-induced leucine zipper protein (GILZ), both of
which have & ENaC activity.'>'” However, there are discrepancies regarding the relative
roles of these s d,genes particularly considering the phenotypic difference in mice following nephron-
specific deletion R'® compared with deletion of e.g. SGK1'° or GILZ.?® Furthermore, the high concentrations
of corticosteroids USed to identify relevant genes in various model systems leaves the physiological relevance of

these transcripts to steroid-induced ENaC activity within the distal nephron unclear.

The objective of this study was therefore to apply an unbiased, reductionist approach to generate transcriptomic
profiles associated with the acute Na* retaining effects of corticosteroids in a physiologically relevant murine cell
model of the cortical CD, mCCD.y; cells. These display many of the reported features of Na* absorbing principal
cells of the collecting duct: predominant amiloride-sensitive Na* conductance via ENaC, a K* conductance
mediated via the renal outer medullary K* channel (ROMK),?' functional 11BHSD2 activity,?> as well as
regulation of these transport pathways by physiological concentrations of hormones including aldosterone and

arginine vasopressin (AVP).?? 2> We report the full transcriptome of the mCCDy; cells and identify 9 ALDO-
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induced genes. Lack of transcriptional effects of corticosterone (CORT) confirm 11BHSD2 activity, and upon
pharmacological inhibition of this enzyme, CORT modulated 151 genes. Identified ALDO-induced genes were
validated in mCCDg; cells and subsequently in primary CD cells isolated from a newly generated mT/mG-
Aqp2Cre reporter mouse. Identified ALDO-induced targets were subsequently measured in both cultured primary
principal cells treated with steroids or from principal cells isolated directly from reporter mice following acute
injection of corticosteroids. Our findings confirm both Sgk/ and Zbth16 as acute ALDO-induced genes, and we
further report Rasd1, Sultld] and the unannotated Gm43305 which encodes a IncRNA.
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Methods

Culture of mCCDy; cells

mCCDy cells (Prof. Bernard Rossier, University of Lausanne, Switzerland) were maintained in routine culture®*
24 at 37°C and 5% COo, in phenol-red free DMEM/F12 media supplemented with FBS (2%), triiodothyronine
(1 nmol/l), sodium selenite (5 ng/ml), insulin (5 pg/ml), transferrin (5 pg/ml), L-glutamine (200 mmol/l),
penicillin (100 U/ml), streptomycin (100 pg/ml), dexamethasone (50 nmol/l) and EGF (10 ng/ml). Cells were
used between passages 29-35. For experiments, cells were seeded onto 0.4 um polyester filter membranes
(Corning CoStar Snapwells) and grown for 9-11 days with media exchange every 2 days. 48 h before experimental

protocols, media was replaced with DMEM/F12 media supplemented with charcoal-stripped media (2%),

penicillin (100 U/ml) and streptomycin (100 pg/ml). For the final 24 h, media was replag
penicillin (100 U/ml) and streptomycin (100 pg/ml).

Quantification of transepithelial ion transport

Transepithelial voltage (Vi) and resistance (R.) were measured usin
chopstick “STX” electrodes (World Precision Instruments,

current (I.q) was subsequently calculated by Ohm’s Law,

Illumina HiSeq 4000
version 1.121) at the 3

(AGATCGGAAGA dapt version 1.121.2° Reads after trimming were required to have a minimum
length of 50. gq data have been uploaded to the Sequence Read Archive at NCBI, with the project
ID: PRINAS820455" The reference used for mapping was the Mus musculus genome from Ensembl, assembly

GRCm38, annotatioh version 84. Reads were aligned to the reference genome using STAR2 version 2.5.2b.2” The
raw counts table was filtered to remove rows consisting of predominantly near-zero counts (values had to be >0.05
across 5 samples), filtering on counts per million (CPM) to avoid artefacts due to library depth. Initial exploratory
analysis indicated an outlier in the dataset, which was removed and subsequent filtering and normalisation
performed again for downstream analysis. Following filtering, 17,962 genes remained. Differential analysis was
carried out with EdgeR?® (version 3.16.5) and compared all possible combinations from the 4 experimental

conditions.

Generation of a principal cell-specific reporter mouse
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Aqp2Cre mice?® (The Jackson Laboratory , USA) were crossed with mT/mG (tdTomato-GFP) mice*® (Prof. Neil
Henderson, The University of Edinburgh, UK). Both mouse strains were on a C57BL/6 background. To ensure
kidney-specific Cre expression, female AQP2-Cre mice were bred with male mT/mG mice; female offspring
which were heterozygous for both AQP2-Cre and mT/mG were subsequently bred with male mice homozygous
for mT/mG. Genotyping for AQP2-Cre was carried out wusing a forward primer 5’-
CTCTGCAGGAACTGGTGCTGG-3> and reverse primer 5-GCGAACATCTTCAGGTTCTGCGG-3’.
Genotyping for mT/mG was carried out using the forward primer 5’-CTCTGCTGCCTCCTGGCTTCT-3’ and
reverse primers: wildtype 5-CGAGGCGGATCACAAGCAATA-3’ and mutant 5’-
TCAATGGGCGGGGGTCGTT-3’. Experiments were performed on male mice aged 10-30 weeks, under the
authority of a UK Home Office Project License and following approval by the University’s Animal Welfare and
Ethical Review Board.

Isolation and culture of primary principal cells

able recording, singlets (plotting forward scatter area vs. height), cells (forward

ea), live cells (DAPI vs. forward scatter area), followed by exclusive gates for both

tdTom and GFR\(Supplementary Figure 3). From the GFP gate, a further gate was added to remove
autofluorescence events detected within that channel and a final gate to remove a mixed population of both tdTom
and GFP. Cell sorting was performed with a 100 pm nozzle and due to the starting cell numbers and the relatively
small percentage of GFP positive events, a yield sort followed by a purity sort was employed to optimise sort/time
efficiency. For initial validation studies, 100,000 tdTom cells were collected and all possible GFP cells. Once the
GFP population was validated, only GFP events were collected. Flow cytometry data was analysed using FCS

Express 7 (De Novo Software, Pasadena, CA, USA).
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For downstream experiments, GFP+ sorted cells were then either spun down, supernatant removed and RLTplus
buffer added for RNA extraction or instead were directly plated onto gelatin-coated 12 well plates with complete
media. Cells were maintained under identical conditions as those used for culture of mCCDy; cells with the
addition of gelatin coating of either the initial 12 well plate or the permeable membrane used for growing polarised

monolayers.

Acute steroid treatment of mT/mG-Aqgp2Cre mice

Male mT/mG**-Aqp2Cre™" mice, aged 10-30 weeks, were administered carbenoxolone (CBX) at 2.5mg/kg
BW/day po (in drinking water) to inhibit endogenous 11BHSD2,3? control animals were given ad lib access to

drinking water for 8 days. Animals were weighed every morning (between 08:00-10:00) 5 days prior to

were then isolated by FACS.

Immunofluorescence imaging

All images were processed using Fiji same process was applied to images from both mT/mG**-
Aqgp2Cre” and mT/mG*"*- annels were split and a background subtraction (50 pixels) was
gnification images, the 488 nm channel image was duplicated and
o separate the Cre-GFP signal from the tubule-generated autofluorescence,
the blurred image was s the raw image and a threshold applied such that on the Cre-GFP remained

(~0.04 %). T

to generate a mask, which was changed to 16-bit and a Gaussian blur (sigma = 7)
applied. This green channel, and the autofluorescence as the grey channel. For high magnification
images, the 488 channel image was duplicated and a Gaussian blur (sigma = 3) applied. The blurred image
was again subtractéd from the raw image and a threshold applied such that on the Cre-GFP remained (~0.01%).
This was used to generate a mask, which was changed to 16-bit and a Gaussian blur (sigma = 2) applied and used

as the green channel.

qRT-PCR

Total RNA was extracted from cells, either grown as monolayers in culture on filter membranes or directly
following FACS of CD cells, using a QIAGEN RNeasy Plus Micro Kit. The integrity of the RNA preparations
was verified using the Agilent RNA 6000 Pico Kit and Agilent 2100 Bioanalyser, samples with RIN values <7.5
were excluded. cDNA was transcribed from total RNA using Applied Biosystems High Capacity cDNA Reverse
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Transcription Kit (Life Technologies). For experiments using lysates from cells grown in culture, 500 ng RNA
was used and cDNA was diluted 1:20 to correlate to the middle of the 7-point calibration curve generated from
serial dilutions. For experiments using isolated primary CD cells from mT/mG-AQP2Cre mice, 1 ng RNA was
used, as determined by the lowest yield across the samples. cDNA was diluted 1:10, also to correlate with the
middle of the calibration curve. qRT-PCR was performed using a Roche Light-Cycler 480 II using a probe-based
assay (Roche Universal Probe Library, Sigma, Dorset, UK). Primers were designed using the ProbeFinder
software within the Roche Assay Design Centre. Samples were run in triplicate and only Cq values with a standard
deviation >0.3 were excluded. A selection of reference genes (Actbl, HPRT, Thp and 18S) were tested and
included if expression remained unaltered across all samples (Supplementary Figures 2, 4 and 5). Negative

controls included reverse transcriptase negative, RNA negative and H,O only.

Western analysis

Data analysis

Data are expressed as
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Results

Modulation of ENaC and SGKI1 activity by corticosteroids in mCCDa1 cells. Polarised mCCDg; cells
generated an average transepithelial voltage (Vi) of 22.8+11.3 mV and resistance Ry of 1.6+0.6 kQ-cm?, giving
an average equivalent short-circuit current (Ioq) of 13.7+3.4 pA-cm? (n=144). I reflects ENaC-mediated Na*
transport as ~95% is inhibited by amiloride (10 pM).?* Corticosterone (CORT) stimulated the amiloride-sensitive
current (fami3n) at concentrations >100 nM, consistent with endogenous activity of the “protective” 11HSD2
(Figure 1Ai). Inhibiting 11BHSD2 with carbenoxolone (CBX, 10 uM, 30 min) revealed a concentration-
dependent stimulation of ENaC-mediated Na* transport by CORT at concentrations >1 nM (Figure 1Ai). Baseline
current was not altered in cells treated with CBX alone. Aldosterone (ALDO) also stimulated In in a

concentration-dependent manner; this was independent of CBX pre-treatment, consisten DO not being a

substrate for this enzyme (Figure 1Bi). CORT-induced Na* transport correlated increasedactivity and

expression of the protein serum and glucocorticoid induced kinase 1 (SG igure ii iii. SGK1

CBX did not alter lumi (Figure 2A). cDN i ated across each of the 4 groups (n=6) which

underwent 150 bp paired-end sequenci iimed reads were mapped to the genome and of those,

discovery rate <0.05 (Table 1). Volcano plots were generated and

es in cells treated with vehicle compared to ALDO, CORT or CBX+CORT

of a minimum log; fol
show the differential e
(Figure 2B). 9 genes in the ALDO group compared to the control group and 151 genes were
differentially i X+CORT group compared to the control group (Figure 2B). Table 2 lists all
transcripts regulai PO and Table 3 lists the top 15 upregulated and all downregulated annotated genes in
the CBX+CORT geoup. No transcripts were differentially expressed in the CORT group and this finding correlates
with a lack of stim@lated Zmi. All 9 transcripts differentially expressed in the ALDO vs. control group were also
differentially expressed in the CBX+CORT group vs. control. The complete list of differentially regulated genes,
as well as a counts table across the 4 experimental groups can be found in the supplementary excel file. Five of
the genes identified (Sgkl, Sultidl, Gm43305, Rasdl and Zbtb16) were subsequently validated by qRT-PCR in
polarised mCCDy; cells (Supplementary Figure S1). Cells were treated in similar manner: CORT (100 nM) or
vehicle for 3 h, following pre-incubation with CBX (10 uM) or vehicle for 30 min, or treated with ALDO (3 nM)
or vehicle for 3 h. Electrophysiological measurements to monitor ENaC activity were made prior to RNA

extraction (data not shown).
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Generation and validation of a principal cell-specific reporter mouse. The mT/mG mouse line,*® which
ubiquitously express tdTomato (tdTom) in cell membranes (mT) or upon Cre excision express enhanced GFP
(mG), was crossed with the Aqp2Cre line.? Fixed longitudinal sections of kidneys from adult offspring were
imaged for tdTom and GFP labelling. mT/mG positive and Aqp2Cre null mice e.g. mT/mG*"*-Aqp2Cre™,
demonstrated membrane labelling of tdTom in both cortex and medullary regions (Figure 3Ai). Distinct
differences in labelling can be seen in the cortex where brush border membranes of the proximal tubules exhibit
less evenly distributed membrane-associated markers than distal tubules and collecting ducts (Figure 3Aii). This

is consistent with the expression pattern previously reported in kidney tissue.?’ Negligible eGFP labelling was

detected (Figure 3Aiii). Kidney sections from adult mice homozygous for mT/mG and hemizygous for Aqp2Cre,
e.g. mT/mG*"*-Aqp2Cre*- mice (B), displayed both tdTom and Cre-induced eGFP labelling in the cortex and

5.1£0.1 kQ-cm? respectively, giving rise t cm? (values are mean+95% CI, n=25). It was

noted that over numerous passages V; , thus Ioq decreased (data not shown). Cells were

and pre-incubating primary principal cells with CBX (10 uM,
ndent stimulation of lymi.3n (Figure 4Ai). Stimulation of ENaC-mediated

Corticosteroid regulation of ENaC activity and identified ALDO-induced genes in cultured primary
principal cells. Pr

(10 uM, 30 min pre-incubation), ALDO (3 nM) or dexamethasone (DEX, 100 nM). Consistent with the

ary principal cells were treated (3 h) with: CORT (10 nM) in the absence/presence of CBX

concentration response assays, CORT only stimulated Z,mi-3n when cells were pre-incubated with CBX: 2.4+0.3
fold vs. without CBX: 1.2+0.2 fold (Figure 5A, n=8). Both ALDO and DEX stimulated Z,mi.3n by 2.0£0.3 fold
(Figure 5B, n=8) and 3.6+fold (Fig 5C, n=8), respectively. Of the 8 targets tested: Sgkl, Sultidl, Gm43305,
Rasdl, Zbtb16, Defbl, Gm16178 and Gm9694, expression of three were upregulated by CBX+CORT (10 nM) —
Sgkl, Gm43305 and Zbtb16. No targets were altered either by CORT or CBX alone (Figure 6). In cells treated
with ALDO, expression of 3 out of 8 target transcripts tested was increased: Sgki, Rasdl and Zbtb16 (Figure 7A).
Finally, in cells treated with DEX, all but one target tested (Gm9694) was upregulated (Figure 7B).
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Corticosteroid regulation of identified ALDO-induced genes in principal cells isolated from mT/mG-
Aqp2Cre mice. We measured expression of 6 ALDO-induced targets: Sgki, Sultldl, Gm43305, Rasdl, Zbtb16,
and Defbl in isolated primary principal cells following acute treatment with steroid hormones or respective
controls. Of these, 4 were upregulated in mice treated with ALDO: Sultidi, Gm43305, Rasdl, Zbtb16 (Figure
8A). These 4 transcripts were also upregulated in mice treated with CBX+CORT. Notably Sult/di, Gm43305 and
Zbtb16 were also upregulated in the CORT group but also in the CBX group.

Discussion

We have mapped the transcriptomes underlying corticosteroid-regulated ENaC actiya dentifying a small

Deep sequencing of polarised mCCDy; cells revealed of genes associated with principal cells of CCD
including: Agp2 (AQP2), Hsd11b2 (11B-HS ] K), Kenjl0 (Kird.1), Nr3cl (GR), Nr3c2 (MR),
Scnnla (0-ENaC), Scnnlb (B-ENaC), Scn ). With [6w expression of Sicl2a3 (NCC) and absence of
Pvalb (parvalbumin), Sici2al (NK

vealed a similar pattern of transcripts, with the exception of Kcnjl, Kenjl0
and Nr3c2.*! More rece nalysis of a subclone of these cells, mpkCCDyj;, whilst also having a similar
expression of Nr3c2, but Kenjl, Kenjl0, Kenjl6 and Scnnlb were absent.*?
ell line does not exhibit ALDO-sensitivity, requiring micromolar concentrations to

exert a stimulatofyieffect on ENaC,**4*4 consistent with the lack of, or very low abundance of, the MR.
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We confirm both Sgkl and Zbtb16 as early ALDO-induced genes,'® 3% %546 and further identify Rasdl, Sultld]
and an unannotated transcript Gm43305. SGK1 is well described as a steroid-induced protein which prevents
ubiquitin-mediated removal of ENaC in the apical membrane through phosphorylation of the ubiquitin-ligase
Nedd4-2.47 Zbtb 16, the promyelocytic leukaemia zinc finger protein (PLZF), was identified as an early ALDO-
induced gene in M1 cells expressing rat MR.* Overexpression of PLZF reduced basal Isc but did not alter
dexamethasone-induced Isc, suggesting that rather than mediating the stimulatory response of ALDO, PLZF may
negatively regulate ENaC in the CD.* Whilst Rasd] has not been directly linked to corticosteroid effects in the
CD, it has previously been identified as a downregulated transcript in SAGE analysis of the outer medullary

collecting duct (OMCD) in mice following 3 days of K* depletion.*® Rasd! has been identified as an intercalated

cell-enriched transcript in mice.*” Due to the potential plasticity of CD cells, or the de-differentiation of isolated

ted in cells treated with

2

s to facilitate excretion,*? and it may

catecholamine sulfation in mouse

ent study, both SultldI and/or Sgkl were identified as aldosterone-regulated.'®
' From the fu sériptoiiie of the DCT/CNT/iCCD under control conditions,'® expression of 7 out of 9 of our
ALDO-induced
Gm9694. The diffd

nscripts were detected, with the absence of 2 identified unannotated genes Gm43305 and
ces in ALDO-induced genes between our study and these others may reflect the acute time-
frame in which we measured transcriptional changes and may align with the concept of early vs. late effects of

ALDO in the ASDN.%
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ENaC-mediated Na* transport in the ASDN is not normally responsive to CORT due to 11BHSD2 activity.6 %
We confirmed ENaC cannot be stimulated by CORT at physiological concentrations in mCCDq; cells?? and
subsequently demonstrated SGK1 expression/activity is also protected. Our transcriptomic data reveal that
11BHSD2, in fact, fully abolishes the transcriptional effects of CORT and since no 11BHSD1 expression was
detected, CORT is fully inactivated and cannot be re-activated in principal cells. Recent work suggests that the
ASDN may in fact not include the late DCT/early CNT, where basal ENaC activity is much greater than in the
CNT/CCD.?® Dietary manoeuvres which raise plasma [ALDO] produce different effects on ENaC depending on
its location. Whilst ENaC activity is stimulated in both the DCT/CNT and CNT/CCD in mice maintained on a
high K* diet,’* ENaC activity is only stimulated in the CNT/CCD in mice maintained on a low Na™ diet.®® The

MR, appears critical in both regions for steroid-induced ENaC activity as deletion abolishes these responses.>® ¢!

also expressed genes

This finding is consist

Nor do we co w 0 be contamination during isolation e.g. due to autofluorescence: our gating strategy was
stringent and wedidnot detect enrichment of markers associated with proximal tubule cells, which exhibit strong
autofluorescence.\It is possible that either the isolated primary principal cells de-differentiate rapidly or perhaps
more likely, our results support the evidence that CD epithelia exhibit plasticity.*® ¢ % Indeed, scSeq analysis of
murine kidney?® reported a “transitional cell” type where high expression of these IC transcripts were detected, at
a similar level as Agp2. The finding that the GFP+ cells contain transcripts associated with PCs but also ICs is
consistent with this. Importantly, functional assessment of the isolated GFP+ cells revealed 11BHSD2 activity as

well as predominant amiloride-sensitive currents which could be stimulated by aldosterone, therefore the isolated

GFP+ cells phenotypically behave as Na* absorbing principal cells.
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Primary principal cells grown on permeable supports in culture developed V; and R, in a manner analogous to
mCCDy; cells. Ry, of note, was much larger in these cells at ~ 5 kQ-cm?, with a ¥; of ~-20 mV giving rise to an
Ieq of ~ -3.5 pA-cm. These currents are smaller than those recorded from mCCDy,% 2* mpkCCDi4,%> 40 as well
as primary CD cells isolated by DBA lectin,** but were almost completely abolished by amiloride indicating a
Na* absorbing phenotype via ENaC. Primary principal cells exhibited 11BHSD2 activity and ENaC-mediated
currents were significantly stimulated by ALDO, CBX+CORT, as well as dexamethasone (DEX). This correlates
with currents measured in mCCDq; cells, confirming these cells represent a relevant model of principal cells with
the advantage that they do not de-differentiate over a small number of passages. Analysis of identified ALDO-
induced genes in primary cells grown in culture revealed ALDO and CBX+CORT both upregulated Sgkl, Rasdl
and Zbtb16, but ALDO also upregulated Sultld] whereas CORT also upregulated Gm43305. Interestingly, DEX

kidney.?®

Building on our in vitro experiments, principal cell-specific r

CORT=CBX.% Four of the identified ALDO-induced geng e upregu

y administered ALDO or
in mice treated with either ALDO

, Gm43305 and Sultldl. We did not, however,

previously been shown to be upregulated in

d targets Rasdl, Sultld] and the unannotated Gm43305. The potential role
DO- induced ENaC activity in principal cells of the CD is of interest and

remains to be
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Tables

Table 1. Differential analysis of gene expression following acute corticosteroid treatment of mCCDuan cells.

Experimental conditions compared Upregulated genes | Downregulated genes
Vehicle vs. Aldosterone 8 1
Vehicle vs. Corticosterone 0 0
Vehicle vs. CBX + Corticosterone 123 78
Aldosterone vs. CBX + Corticosterone 64 7
Corticosterone vs. CBX + Corticosterone 82 22

Number of genes up or downregulated in each contrast made of experimental condition according to the thresholds

on minimum log; fold change (1) and maximum false discovery rate (0.05).
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Table 2. Differentially expressed genes in mCCDen cells following aldosterone treatment.

Upregulated genes (Veh vs. Aldo)

Gene Symbol | Gene Name Log:FC FDR
Zbth16 Zinc finger and BTB domain-containing 16 3.2 6.0x 10712
Sgkl Serum and glucocorticoid-regulated kinase 1 2.9 0.0001
Tslp Thymic stromal lymphopoietin 2.1 0.0477
Rasdl Ras related dexamethasone-induced 1 2.1 9.4x 1010
Gmli6178 N/A 1.6 0.0007
Sultld] Sulfotransferase family 1D, member 1 1.1 32x 101
Gm43305 N/A 1.1 0.0002
Defbl Defensin beta 1 0.0005
Downregulated transcripts (Veh vs. Aldo)
Gene Symbol | Gene Name Log.FC FDR
Gm9694 N/A .0 0.0444
The threshold for False Discovery Rate (FDR) was 0.05 and the Log, ft gef(Pog FC) threshold was 1.
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Table 3. Differentially expressed genes in mCCDean cells following corticosterone treatment, in the absence

of 11BHSD2 activity.

The threshold

clarity only anno

Top 15 upregulated annotated genes (Veh vs. CBX+cort)
Gene Symbol | Gene Name Log:FC FDR
Zbtb16 Zinc finger and BTB domain-containing 16 5.7 7.4x 1018
Sgkl Serum and glucocorticoid-regulated kinase 1 5.6 3.1x10%
Rasdl Ras related dexamethasone-induced 1 4.2 7.0x 1071
Hif3a Hypoxia inducible factor 3, alpha subunit 2.7 1.1x 101
Sultlal Sulfotransferase family 1A, phenol-preferring, member 1 2.7 0.0005
Sultldl] Sulfotransferase family 1D, member 1 2.6 3.0x 10710
Tsc22d3 TSC22 domain family, member 3 1.2x 108
Myom?2 Myomesin 2 0.0031
Htré 5-Hydroxytryptamine receptor 6 0.0198
Slcodcl Solute carrier organic anion transporter family, member 4 0.0012
Tekt4 Tektin 4 4.1x107
Perl Period circadian clock 1 .1 5.3x 10
Abcb5 ATP-binding cassette, sub-family B (MDR/T 2.1 24x 101
Adora2b Adenosine A2b receptor 2.1 6.4x 107
Arg2 Arginase type 11 2.1 1.3x 1012
All downregulated anngfated genes (Veh vs. CBX+cort)
Gene Symbol | Gene Name o Log:FC FDR
Hao?2 Hydroxyacid oxidase 2 2.2 6.8x 10
Lipc Lipase, hepatic -1.8 0.0210
11f6 Interleukin 1 famj -1.7 0.0012
Mboat4 Membrane bo omain containing 4 -1.5 0.0026
Pabpnll Poly(A) bindi -1.4 8.5x 10°
Sprr2g Smal -1.3 0.0348
Pri2c5 Pro -1.3 0.0305
Gimapl ily member 1 -1.2 0.0364
1d4 binding 4 -1.2 0.0276
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Table 4. Validation of isolated primary CD cells by qRT-PCR.

tdTom population GFP population
Tubule-specific Symbol Nephron segment Cq Expression of GOI Cq Expression of GOI Cq range of | Population
target relative to reference elatiye to reference standards enriched?
genes (log1o) es (logio)
NHE3 Slc9a3 Proximal tubule 30.6£1.2 0.56 £0.47 0.34%** 29.3-34.7 tdTom
NKCC2 Slci2al Loop of Henle 30.3£1.0 -0.03+0.18 3.81%* 26.9-32.4 tdTom
NCC Slci12a3 Distal Convoluted Tubule 304+1.3 -0.47+0.10 2334+0.13 25.1-30.7 -
11BHSD2 Hsdl1b2 Collecting duct — principal cell BLD BLD 0.09+0.11 23.6-29.1 GFP
a-ENaC Scnnla Collecting duct — principal cell BLD BLD -0.10£0.18 29.1-32.8 GFP
ROMK Kenjl Collecting duct — principal cell BLD BLD -0.02+£0.16 32.4-35.1 GFP
Pendrin Slc26a4 Collecting duct — BLD BL -0.02+0.14 27.4-33.1 GFP
B-intercalated cell
AE1 Slc4al Collecting duct — 354+0.9 4.8+0.7 -0.33+0.29 29.7-35.7 -
a-intercalated cell
V-ATPase 1 Atp6vibl | Collecting duct — BLD 322+0.6 -0.06 +£0.14 28.4-34.2 GFP
a - and B-intercalated cell
UT-Al Slcl4a2 Medullary collecting duct 31.9+0.8 0.20 +0.22 29.1-35.2 GFP
GFP population
Reference gene Symbol ession (log1o) Cq Expression (log1o) Cq range of Population
standards enriched?
B-actin Actbl Reference gene -1.13+0.43 27.6+0.7 -0.68 +0.27 26.1-30.9 -
18S Rnl8s Reference gene -1.12£0.46 15.6+0.7 -1.13+0.36 13.1-18.2 -

Expression of nephron segment-specific genes in eit
both the Cq (cycle quantification value) and transcript
the 7-point standards is also shown. The po i
where one population showed expression wit

no difference in gene expression between tdTo:
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Figures and figure legends
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treatment. The activity (ii) and ex GKY was determined by measuring the abundance of P-NDRG1

or T-SGKI, respectivel llowing corticosteroid treatment and electrophysiological

for the electr: | data, with a Dunnett’s post-hoc test, and a one-way ANOVA for Western blot data,

due to separate or — and + CBX, with a Dunnett’s post-hoc test.
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Figure 2. Differentially expressed transcripts in corticosteroid-tre

dashed lines indicate the specifi old (2) in both positive and negative directions. Each

treatment: (Bi) aldosterone iii) CBX+corticosterone, is compared to vehicle-treated control.
Points passing only th wn in green, passing only the fold change threshold are shown in
blue and those passi ds are shown in red. Individual transcripts passing both thresholds in

aldosterone-treated cells
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I TmG*-Aqp2Cre” __ : vy =1l MTmG*™-Aqp2Cre™ ;-

"

18 Cortex W Cortex

Mt Tom 3 3 GFP

of fixed kidneys from adult mTmG™*-A
and GFP labelling. (i) Tiled ima bjective across the section with 488 nm (grey:
autofluorescence to show tissue signal) and 555 nm (red: tdTomato signal) excitation
light. (ii) Cortex and medullary regi n at higher magnification, regions of interest denoted in (i) by

cyan and yellow boxes, . (i ividual 555 nm and 488 nm channels for (ii) are shown. Scale bars:
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subsequently applied for 10 min. Data sho 1) are mean I.q + 95% CI and in bar graphs (Aii,

Bii, Cii) as individual points and mea . Statistical significance in (A) was determined by
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