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chapter 3

Abstract

The glucocorticoid receptor (GR) regulates gene expression upon binding to
glucocorticoid (GC) hormones. In humans and zebrafish, two GR splice variants exist: the
canonical GR a-isoform (GRa), acting as a GC-activated transcription factor, and the GR
B-isoform (GRp), which has been shown to have a dominant-negative effect on GRa. In
the present study we have used the zebrafish model system in order to reveal genes
affected by each of these two receptor isoforms. Zebrafish embryos were injected at the 1-
2 cell stage with two splice-blocking antisense oligos (one leading to knockdown of both
GR o~ and B-isoforms, and another targeting the alternative splicing of the GR pre-mRNA
in favor of the GR p-isoform) and with GRP mRNA (resulting in specific GRf
overexpression). Embryos were treated with the synthetic GC dexamethasone and
transcriptome analysis was performed using microarray technology and subsequent qPCR
validation. Interestingly, our results show two distinct gene clusters that are regulated by
GRa. One cluster that is regulated by GRa under basal conditions, and one that is
regulated upon activation of GRa by dexamethasone treatment. In general, the first cluster
of genes mainly involves cell-cycle-related genes, whereas the second cluster of genes
mainly contains genes involved in metabolism. Furthermore, our data do not support a
significant role for GR as a dominant negative inhibitor of GRa. However, GRf could
have an intrinsic transcriptional activity that would, nevertheless, require high expression
levels of this splice variant.

Introduction

The glucocorticoid receptor (GR) is expressed almost ubiquitously in the human body and
regulates a wide range of biological processes such as our metabolism, growth,
reproduction, vascular tone, bone formation, immune response and brain function [1-6]. In
its inactive state, the GR mainly resides within the cytoplasm in a multiprotein complex
containing chaperones and immunophilins. The GR is activated by binding of its cognate
ligands (glucocorticoids (GCs)), and upon activation, it is released from its cytoplasmic
complex and translocates to the nucleus, where it orchestrates gene expression via DNA-
binding-dependent and -independent mechanisms. DNA-binding-dependent mechanisms
involve GR binding to glucocorticoid response elements (GREs), where it recruits
transcriptional coregulators and thus, directs (positively or negatively) the transcription
rate of target genes. Independent of DNA-binding, the GR can also physically interact with
other transcription factors (e.g. NF-kB and AP-1), via which it can either synergistically
induce gene expression or repress activation of genes. The latter mode comprises one of
the classical ways by which GCs exert their anti-inflammatory effects, which is the basis
of their intensive clinical use in the treatment of immune-related diseases like asthma and
rheumatoid arthritis [1, 2, 7-11].

When the human GR was cloned, two splice variants were discovered, named as
hGRa and hGRf, which derive from alternative splicing within the most 3’ exon, encoding
the C-terminal end of the ligand binding domain (LBD). [12, 13]. Hence, the hGR a-
isoform (777 amino acids, representing the canonical receptor) is able to interact with GCs,
whereas the hGR B-isoform (742 amino acids) has a shorter LBD with a unique C-terminal
15 amino acid sequence, which renders it unable to bind GCs [12-14]. Experimental data
have provided evidence for a dominant-negative effect of hGRp on hGRa’s transcriptional
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properties [15-18] as well as intrinsic transcriptional activity (independent of hGRa) [19,
20]. However, the biological significance of hGRp is still debated, mainly due to
inconsistent results regarding its transcriptional role, [21-27] its low expression levels [15,
28, 29] and low level of evolutionary conservation [30, 31].

Over the last decade, the zebrafish has emerged in biomedical research as an
important model system for a variety of human diseases [32-34]. It is easily handled and
maintained and produces big clutches of embryos, which are fertilized externally and
develop rapidly [35]. Moreover, its genome has been sequenced and embryos can easily be
subjected to genetic manipulations [35, 36]. Furthermore, the zebrafish has been
considered as a potent model organism for GC research [37-40]. As humans, zebrafish
have a single GR (zGR), and cortisol is the main endogenous GC. Its secretion is regulated
by the hypothalamus pituitary interrenal (HPI) axis, which is the equivalent to the
mammalian hypothalamus pituitary adrenal (HPA) axis [38, 39, 41]. Upon secretion of
cortisol or treatment with synthetic GCs, the activated zGRo can mediate gene
transcription in a similar way as the hGRa [37, 40, 42, 43]. Interestingly, zebrafish express
both zGR splice variants, since the zGR gene gives rise to a zGR a- and a zGR B-isoform
as a result of alternative splicing [30, 44]. The zGRp is highly similar to its human
equivalent in structure, subcellular localization and expression level [30]. However, the
gene organization and splicing events underlying the expression of GRa and GRp are
different between humans and zebrafish, suggesting that zGR and hGRp have evolved
independently [30].

In the present study we have used the zebrafish as an in vivo model to study the GR
signaling pathway at the whole-organism level. A genetic manipulation approach of the
zGR in zebrafish embryos was used in order to reveal responsive genes specific for the
zGR o- and B-isoform in the absence of exogenous GCs (thus, studying zGR signaling
under basal cortisol levels) as well as in the presence of exogenous GCs (thus, studying
zGR signaling under elevated GC levels). We availed ourselves of the use of splice-
blocking morpholino antisense oligomers, which are widely used for studying gene
function via impeding normal splicing, thus leading to knockdown of genes or altered
regulation of alternative splicing during embryonic development [45]. By using a
morpholino for knocking down both zGRa and zGRp and another that directs splicing in
favor of the zGRp transcript, in combination with injection of zZGRf3 mRNA, we aimed to
identify specific clusters of target genes for both GR variants.

Materials & Methods

Zebrafish strain, husbandry & egg collection

Wild type adult ABxTL zebrafish were used in this study. Livestock was maintained and
handled according to the guidelines from http://zfin.org. Fertilization was performed by
natural spawning (single crossings) at the beginning of the light period and eggs were
raised at 28°C in E3 egg water medium containing 60pg/ml Instant Ocean sea salts
supplemented with 0.0025% methylene blue (GURR). All experimental procedures were
conducted in compliance with the directives of the animal welfare committee of Leiden
University.
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zGRP mRNA synthesis & injections

PCS2+zGRp plasmid was linearized with Nsil (New England Biolabs) and used as a
template for the synthesis of zGR mRNA using the nMESSAGE mMACHINE SP6 kit
from Ambion. Newly synthesized mRNA was purified using the RNeasy MinElute™
Cleanup kit (Qiagen). RNA was denatured at 60°C for 5min and its integrity was checked
on an agarose gel. Prior to injections, zGRP mRNA was denatured at 60°C for 5min and
diluted at a final concentration of Sng/pl in 1x Danieu’s buffer (58mM NaCl, 0.7mM KCl,
0.4mM MgSO,, 0.6mM Ca(NOs),, SmM HEPES at pH 7.6) containing 0.05% phenol red
(Sigma). Approximately 1nl of zGR mRNA solution was injected into the yolk of 1-2 cell
stage fertilized eggs.

Morpholinos preparations and injections

In this study 3 different morpholinos were used (purchased from GeneTools), all of which
prepared and stored according to the manufacturer’s instructions. Sequence for Standard
Control morpholino (SC-MO): CCTCTTACCTCAGTTACAATTTATA. Sequence for
morpholino targeted against the splice acceptor site of exon 8 of the zebrafish
glucocorticoid receptor gene (MO1): TTTAGGAGAAGCATCATTACGTCGT. Sequence
for moprholino targeted against the splice donor site of exon 2 of the zebrafish
glucocorticoid receptor gene (M0O2): GGTCTTGATGGCTTACCTGGAATAG. Prior to
injections, morpholinos were diluted at a final concentration of 0.05mM in 1x Danieu’s
buffer (58mM NaCl, 0.7mM KCl, 0.4mM MgSO,, 0.6mM Ca(NOs),, SmM HEPES at pH
7.6) containing 0.05% phenol red (Sigma). Approximately 1nl of each morpholino solution
was injected into the yolk of 1-2 cell stage fertilized eggs.

RT-PCR analysis of modified splicing of the glucocorticoid receptor upon morpholino
injections

One hundred ng of DNAase treated total RNA samples were used as a template for one-
step RT-PCR analysis of zebrafish glucocorticoid receptor RNA sequences using the
SuperScript® III One-step RT-PCT System with Platinum® Taq DNA Polymerase kit
(Invitrogen) according to the manufacturer’s manual (setting annealing temperature at
60°C). Four different primer pairs were used: Pair 1: forward primer: TGTGAACA-
GATGTTGAAGATCTCCA, reverse primer: AAACATCCGTCTAGAGGCAA, Pair 2:
forward primer: TGTGAACAGATGTTGAAGATCTCCA, reverse primer: CTGGTGA-
AAGAGCAGCGGTTTA, Pair 3: forward primer: AGCTGTCGTCGGTCTGCAGAAA,
reverse primer: GCAGGTTAGGGTAATTAGGCAAGT, Pair 4: forward primer: CAGG-
GGTCATCAAACAGGAGAA, reverse primer: GACAGATCTTGTGTGTGCCAGTCTT.

Glucocorticoid treatment of injected embryos

Twenty-five hours post fertilization embryos injected with either SC-MO, MO1, MO1 or
zGRP mRNA (in the latter case, SC-MO was co-injected together with zGR} mRNA for
optimal comparison with the other groups) were placed in 2% agarose-coated Petri dishes,
where they were incubated with 100pM dexamethasone (Sigma) in E3 medium for 6h at
28°C. Samples were collected in TRIzol® reagent (Invitrogen) and total RNA was isolated
according to the manufacturer’s instructions (Invitrogen).

RNA isolation & cDNA synthesis -
Total RNA was extracted using the TRIzol® reagent (Invitrogen) according to the
manufacturer’s instructions (Invitrogen). RNA was dissolved in water and denatured for
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Smin at 60°C. Samples were treated with DNAase using the DNA-firee™ kit (Ambion).
For microarray analysis, RNA was further purified using the RNeasy MinElute™ Cleanup
kit from Qiagen and its integrity was checked with a lab-on-chip analysis using the 2100
Bioanalyzer (Agilent Technologies). For subsequent cDNA synthesis, at least 250ng of
total RNA was added as a template for reverse transcription using the iSCRIPT™ cDNA
Synthesis Kit (Biorad). Non reverse-transcribed samples were also generated to be used as
negative controls during the quantitative polymerase chain reaction step.

Quantitative Polymerase Chain Reaction (¢qPCR)

qPCR analysis was performed using the MyiQ Single-Color Real-Time PCR Detection
System (Biorad). PCR reactions were performed in a total volume of 25ul containing Sul
of ¢cDNA, 1yl forward and reverse primer (10uM) and 12.5ul of 2x iQ™ SYBR" Green
Supermix (Biorad). Cycling conditions were 95°C for 3min, followed by 40 cycles of 15
sec at 95°C, 30 sec at 60°C and 30sec at 72°C. Ct values (cycle number at which a
threshold value of the fluorescence intensity was reached) were determined for each
sample. A dissociation protocol was added, determining dissociation of the PCR products
from 65°C to 95°C, allowing discrimination of specific products. In order to determine the
efficiency of the amplification reaction, serial dilutions of cDNA were used and standard
curves were generated plotting the Ct values against the relative cDNA concentration. The
linear slope of the standard curve for each primer pair was determined and the efficiency

~“(——)
was calculated based on the following formula: Efficieny =10 “#° . This was done for

the target gene and a reference gene. Finally, the ACt value was determined by subtracting
the Ct value of the experimental sample from the Ct value of a control sample, and the fold
change of gene  expression was  calculated using  this  formula:

. ACY, a0 e
(EffiClencytarget ) B

)AO . In all gPCR experiments, a non reverse
reference

Foldchange =

(Efﬁ cien cy reference
transcribed sample and a water-control were included. All cDNA samples were assayed in
duplicate. Values shown are means + s.e.m of three individual experiments. Sequences of
all primers used for qPCR analysis are included in Suppl. Table 4.

Microarray design

A 4x180k microarray chip platform (customized by Agilent Technologies, (Design
ID:028233)) was used in this study. This array consists of all probes already present in an
earlier 45.219 custom-made array [46], and another 126.632 newly designed zebrafish
probes had been added as described in [47]. A total of 24 samples (8 experimental groups
from 3 replicate experiments) were processed for transcriptome analysis. On each 4x180k
slide, 4 random samples from different replicate experiments were hybridized against a
common reference.

Microarray amplification & labeling

Amplification and labeling of RNA was performed at the MicroArray Department (MAD)
of the University of Amsterdam (Amsterdam, The Netherlands). Per sample, 0.5ug total
RNA was amplified and combined with Spike A according to the Agilent Two-Color
Microarray-Based Gene Expression Analysis kit (Agilent technologies). As a common
reference sample an equimolar pool of all test samples was made and 0.5pg samples were
amplified similarly as the test samples with the exception that Spike B was used. Amino-
allyl modified nucleotides were incorporated during the aRNA synthesis (2.5mM of GTP,
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ATP, and UTP (GE Healthcare), 0.75mM CTP (GE Healthcare), 0.3mM AA-CTP
(TriLink Biotechnologies)). Synthesized aRNA was purified with the E.Z.N.A. MicroElute
RNA Clean Up Kit (Omega Bio-Tek). The quality was inspected on the BioAnalyzer
(Agilent Technologies) with the Agilent RNA 6000 kit (Agilent Technologies). Test
samples were labeled with Cy3 and the reference sample was labeled with Cy5. Five ug of
aRNA was dried out and dissolved in 50mM carbonate buffer pH 8.5. Individual vials of
Cy3/Cy5 from the mono-reactive dye packs (GE Healthcare) were dissolved in 200ul
DMSO. To each sample, 10ul of the appropriate CyDye dissolved in DMSO was added
and the mixture was incubated for 1h. Reactions were quenched with the addition of 5ul
4M hydroxylamine (Sigma-Aldrich). The labeled aRNA was purified with the E.Z.N.A.
MicroElute RNA Clean Up Kit. Yields of aRNA and CyDye incorporation were measured
on the NanoDrop ND-1000.

Microarray hybridization, scanning & data processing

Each hybridization mixture was made up from 825ng Test (Cy3-labeled) and 825ng
Reference (Cy5-labeled) material. Hybridization mixtures were using the Agilent Two-
Color Microarray-Based Gene Expression Analysis kit according to the manufacturer’s
instructions (Agilent technologies). The samples were loaded onto the microarray chips

and hybridized for 17h at 65°C. Afterwards the slides were washed and scanned (20 bit,
3um resolution) in an ozone-free room with the Agilent G2505C scanner. Data was
extracted with Feature Extraction (v10.7.3.1, Agilent Technologies) with the
GE2 107_Sep09 protocol for two-color Agilent microarrays. The Agilent output from the
16 hybridizations was then imported into the Rosetta Resolver 7.2 software (Rosetta
Biosoftware, Seattle, Washington) and subjected to a factorial design with a re-ratio with
common reference application. Data analysis was performed setting cutoff for the p-value
of <10™'? and for fold change of either >2 or <-2.

Gene Ontology analysis

Gene Ontology analysis was performed with the PathVisio version 2 software
(www.pathvisio.org [4]), setting cutoffs for p-value of <10™'° and for fold change of either
>2 or <-2. For probe annotation, the Ensembl gene ID codes (ENSDARG) were used (see
http://www.ensembl.org). The Z-scores shown correspond to a standard statistical test
under the hypergeometric distribution. A high Z-score corresponds to a high level of
enrichment of genes from a specific pathway in the investigated gene cluster.

Statistical analysis

Statistical analyses (t-tests and ANOVAs with Bonferroni post-hoc tests) were performed
using the GraphPad Prism version 4.00 (GraphPad Software, La Jolla, USA). For results in
Fig. 2 and Fig. 9 statistical analysis was performed on log;o transformed data.

Results

Analysis of 7GR splice-blocking morpholino effects

In order to downregulate the expression of the zGRa transcript and upregulate that of
zGRP, we designed a splice-blocking morpholino targeted against the splice donor site of
exon 8 (MO1), thus directing the alternative splicing of the zGR pre-mRNA towards
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increased production of the GR B-isoform and simultaneously towards a decreased
production of the GR a-isoform (Fig. 1A).

A MO1
7 8 8p /?/ 9
fwl — <—rvl
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MO2
B —
2 // 3
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Figure 1. Schematic overview of the location of the target sites of zGR splice-blocking
morpholinos MO1 (A) and MO2 (B). Primers used to analyze the effect of the morpholinos on the
splicing pattern are indicated as well. Grey boxes represent the exons (numbers indicated) and
black lines connecting the boxes represent the introns. C. Agarose gel showing products of RT-
PCR analysis of RNA samples from 31hpf embryos injected with either MO1 (panel 1 and 2) or
MO2 (panel 3 and 4). Panel 1 shows a 360bp product after using primers fwl and revl. Increased
production of this band was shown in MO1-injected samples. Panel 2 shows a 400bp product after
using primers fw2 and rev2. The MOl-injected sample shows a decreased production of this
amplicon. Panel 3 shows a 789bp product after amplification using primers fw3 and rev3. The
MO2-injected sample shows an increased production of this amplicon. Panel 4 shows a 361bp
product using primers fw4 and rev4. The MO2-injected sample shows a decreased generation of
this PCR product compared to control.

Zebrafish embryos at the 1-2 cell stage were injected with 0.05pmol of MO1 and
no obvious morphological changes were observed in 1 day old injected embryos (data not
shown). At 31h post fertilization (hpf) the effect of the morpholino injection on the
splicing of the zGR pre-mRNA was analyzed by RT-PCR (Fig. 1C, panels 1 and 2). Two
primer pairs were used: pair 1 amplifies a 360bp region between exon 7 and exon 8f (a
sequence unique to the zGR[ transcript), and pair 2 results in a 400bp amplicon
corresponding to the region between exon 7 and exon 9 (a sequence unique to the zGRa
transcript). Using pair 1, an increased production of the 360bp PCR amplicon was
observed in MO1-injected samples compared to controls, reflecting a MO1-induced shift
in alternative splicing towards generation of the zZGR mRNA (Fig. 1C, panel 1). RT-PCR
analysis using pair 2 showed a decreased production of the 400bp amplicon in MO1-
injected samples compared to the controls, reflecting a MOl-induced decrease in
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alternative splicing towards generation of the zGRa mRNA (Fig. 1C, panel 2).
Quantitative PCR (qPCR) analysis of RNA samples from 31hpf MO1-injected embryos
showed a dramatic increase (approximately 30-fold) in the generation of the zGR splice
variant compared to standard control morpholino (SC-MO)-injected embryos and a
substantial decrease (approximately 15-fold) in the synthesis of zZGRa mRNA (Fig. 2A and
B). These results show that blocking the splice donor site of exon 8 using MO is effective
and leads to a substantial upregulation of the expression of the zGRp transcript, whereas
the expression of zZGRa mRNA is decreased.

A Ovehicle Bdex B Ovehicle Edex
; £ 40.0 *
E e ol
; % 30.0
S < 20.0
& g *
N N
° 2 10,0 %
k| k| —
& & 0.0 4 . . ;
SC-MO MO1 MO2 zGRB mRNA SC-MO MO1 MO2 zGRB mRNA

Figure 2. Analysis by qPCR of the effect of injection of morpholinos and zGRp mRNA on the
expression of zGRa and zGRP transcripts. Zebrafish embryos were injected with either SC-MO,
MO1, MO2 or zGRP mRNA. Injected embryos at 25hpf were treated with dexamethasone (dex)
for 6h and total RNA samples were collected for qPCR analysis. For all genes analyzed with
qPCR, specific primers were used (sequences shown in Suppl. Table 4). The relative mRNA
concentrations were normalized to those of Bactinl and the values shown are the means + s.e.m. of
three independent experiments. A. Expression of zGRo mRNA. Both morpholino treatments
resulted in a significant downregulation of the zGRa mRNA concentration compared to SC-MO
injections whereas no significant difference between SC-MO and zGR mRNA injected samples
was detected. Dex did not affect the expression of the zGRa mRNA. B. Expression of zGRp
mRNA. MO2 caused a downregulation of the zGRP mRNA concentration, whereas MOI1
injections resulted in an upregulation of the zGR mRNA concentration compared to SC-MO
injections. Similarly, zGRf mRNA injections resulted in an increase in the zGRp mRNA
concentration compared to SC samples. No effect on the expression of the zGR B-isoform due to
dex treatment was detected. Asterisks (*) correspond to a statistical significance of p <0.001
compared to SC-MO injected groups.

In order to downregulate the expression levels of both zGRa and zGRp, we
designed a splice-blocking morpholino against the splice donor site of exon 2 of the zGR
gene (MO2, Fig. 1B). This morpholino will cause retention of intron 2 in both zGRa and
zGRP mRNA, and the resulting transcript encodes a GR protein that is truncated at amino
acid 367, due to the introduction of a translational stop codon, which is encoded by
nucleotides 2-4 of intron 2. This truncated GR lacks the DNA-binding domain (amino
acids 394-454) and the C-terminal ligand-binding domain so it can be considered inactive.
Zebrafish embryos were injected at the 1-2 cell stage with 0.05pmol MO2 and no obvious
morphological changes were observed in 1 day old injected embryos (data not shown). At
31hpf, the effect of MO2 injection on the splicing of the zGR pre-mRNA was analyzed by
RT-PCR (Fig. 2D and E). Two primer pairs were used: pair 3 amplifies a 798 base pair
(bp) region between the 5 end of exon 2 and the 3’ end of the adjacent intron 2, whereas
pair 4 results in a 361bp amplicon corresponding to the 5’ end of exon 2 and the 3” end of
exon 3 (Fig. 1B). Using pair 3, we observed an increased production of the 798bp PCR
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product in MO2-injected samples compared to controls, reflecting increased retention of
the intron 2 sequence due to an effective block of the splice donor site of exon 2 by MO2
(Fig. 1C, panel 3). Pair 4 showed an increased amplification of the 361bp product in MO2
injected samples compared to controls, also reflecting increased intron 2 retention (Fig.
1C, panel 4). Analysis of MO2-injected embryos showed a significant downregulation of
the expression of the transcripts of both zGRa and zGRB compared to SC-MO injected
embryos, probably reflecting a decreased stability of zZGR mRNA that contains the intron 2
sequence (Fig. 2A and B). Together, these results show that MO2-mediated inhibition of
the splice donor site of exon 2 is effective and leads to the generation of zGRa and zGRp
mRNA that encompasses intron 2 and therefore encodes a truncated GR protein.

Treatment groups L. Clusters of zGRo-regulated genes
SC-MO vehicle | A. Dex-regulated genes (138)
[1vs2]
dex 2 || B. Dex-regulated and zGRa-dependent (78)
[1vs 2] overlap with [2 vs 4] & [2 vs 6]
MO1 vehicle 3 || €. zGRo-dependent in absence of dex (81)
dex 4 [1vs 3] overlap with [1 vs 5]
) IL. Clusters of zGRp-regulated genes
MO2 vehicle 5
A. zGRp-dependent (7)
dex 6

[1vs 7] overlap with [1 vs 5]
B. zGRp-dependent, high expression (393)
[1vs5]notin [1vs3] &[1vs 7]
dex 8 || C. Dominant-negative regulation by zGR (4)
[1vs 2] overlap with [2 vs 8]

ZzGRBmMRNA  vehicle 7

Figure 3. Overview of the microarray results on zGRa- and zGRB-mediated effects on
transcription, analyzed using Rosetta Resolver 7.2 software. The left panel indicates the eight
different treatment groups, and the right panels each indicate three clusters of either zGRo- (top
panel) or zGRB-regulated (bottom panel) genes. For details on the different comparisons, see text.
The number of genes (shown in parentheses) refers to annotated genes found to be significantly
regulated at a p-value cutoff of <10™° and fold changes either >2 or <-2. Annotation and probe
assignment was performed based on the Ensemble Gene ID codes (ENSDARG).

Experimental design of the microarray experiment

We used 1 day old zebrafish embryos and performed a whole transcriptome analysis in
order to study the GR signaling pathway upon altering of the expression levels of both the
zGR o and B-isoforms and treatment with the synthetic GC dexamethasone (dex).
Zebrafish embryos at the 1-2 cell stage were injected with either 0.05pmol SC-MO
(control injections), 0.05pmol MOI1, 0.05pmol MO2, or 5pg zGRB mRNA. Injection of
zGRP mRNA was performed to specifically increase the zZGR3 mRNA concentration (Fig.
2), and 0.05pmol SC-MO was co-injected in this group for proper comparisons to the other
groups. The next day injected embryos were treated with either dex or vehicle for 6h.

58



chapter 3

Thus, 8 groups were generated: SC-MO/vehicle, SC-MO/dex, MO1/vehicle, MO1/dex,
MO2/vehicle, MO2/dex, zGRp mRNA/vehicle, and zGR mRNA/dex. Data were
analyzed using the Rosetta Resolver 7.2 software, setting signatures for significantly
regulated probes at a p-value cutoff of p<10™'® and fold changes either >2 or <-2. An
overview of all treatment groups and a summary of the results are presented in Fig. 3.

Microarray analysis of zGRa-mediated gene transcription

First, the regulation of gene transcription due to dex treatment was studied, and for this
purpose the SC-MO/veh and SC-MO/dex groups were compared. We identified 479
probes to be significantly regulated and these were attributed to 138 annotated genes, of
which 128 were found to be up-regulated and only 10 to be down-regulated upon dex
treatment. By means of qPCR, the induction of 4 genes (rhcgb, agtxb, hsdl1b2, and
slc5al) found in our microarray analysis to be dex-upregulated (with at least two probes
showing this effect) was validated and verified (Fig. 4). Using the PathVisio software for
attributing gene ontology to the cluster of significantly regulated probes, specific
molecular pathways were revealed to be influenced by dex treatment. Of these, the 10
pathways with the highest Z-scores are listed in Suppl. Table 1, and an enrichment of
pathways involved in metabolism is obvious from this list.

Oslc5al Orhcgb Bagtxb Mhsdl1b2

*
24.0
& -
3
< 16.0
2
g
=
Q
& 0.0 T
vehicle dex

Figure 4. Validation by qPCR of gene regulation by dex identified by microarray analysis.
Zebrafish embryos of 1dpf were treated with 100uM dex for 6h and total RNA samples were
processed for qPCR analysis. For all genes shown, the mRNA concentration was significantly
higher in the dex-treated group compared to the vehicle group. These data provide confirmation of
our microarray analysis for dex-mediated gene transcription. Validation of microarray results by
qPCR was performed on the same RNA samples as those used for microarray. Asterisks (*)
correspond to a statistical significance of p <0.005.

In order to study whether gene regulation by dex is dependent on the zGRa
expression level we compared this cluster of dex-regulated genes with those found to be
significantly changed due to MOI and MO2 in the presence of dex (comparison SC-
MO/dex vs. MO1/dex and SC-MO/dex vs. MO2/dex respectively). A number of 78 genes
were identified to be present in all 3 clusters (Fig. 5), which means that the observed
regulation by dex is dependent on the presence of zGRa. Of these genes, 71 were dex-
induced and 7 were suppressed upon dex treatment, and all genes verified by qPCR to be
dex-regulated (slcSal, rhcgb, agtxb and hsdl1b2 (Fig. 4)) were present. These 78 genes
account for 57% of the genes in the dex-regulated cluster, indicating that the majority of
dex-regulation observed in our microarray is significantly compromised upon morpholino
knockdown of zGRa (it must be noted that effects of MOl can also result from an
upregulation of zGRP expression, and this point will be discussed below). This result
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demonstrates the validity of our experimental approach and provides a corroborated set of
marker genes for studying GR signaling in zebrafish embryos.

SC-MO/vehicle vs  SC-MO/dex vs SC-MO/vehicle vs SC-MO/dex vs
SC-MO/dex MO2/dex SC-MO/dex MO1/dex

dex-regulated and zGRao-dependent genes

Figure 5. Venn diagrams showing the identification of the cluster of dex-regulated and zGRa-
dependent genes. First, the overlap between genes regulated by dex (SC-MO/vehicle vs SC-
MO/dex, white circle) and genes regulated by MO2 in the presence of dex (SC-MO/dex vs
MO2/dex comparison, grey circle) was determined (87 genes). Subsequently, the overlap between
genes regulated by dex (SC-MO/vehicle vs SC-MO/dex, white circle) and genes regulated by MO1
in the presence of dex (SC-MO/dex vs MO1/dex comparison, grey circle) was determined (94
genes). The overlap between these two clusters was determined, yielding the cluster of dex-
regulated and zGRa-dependent genes (78 genes).

Subsequently, we studied the effect of zGRa expression in the absence of dex on
gene transcription regulation by comparing the SC-MO/veh and MO2/veh groups, and this
analysis showed that MO2 injection significantly affected 604 probes which represented
185 annotated genes, 133 of which are upregulated and the rest 52 are downregulated (Fig
6). In order to analyze these zGRa-specific target genes more stringently, we identified
probes which were regulated by MOI1 as well, since this morpholino decreases the
expression of zGRa too (in addition to increasing the zGRp expression). We identified
1401 probes to be significantly regulated as a result of MO1 injection, and they were
attributed to 482 annotated genes, 321 of which are upregulated and the rest 161 are
downregulated. A number of 81 genes were regulated by both MO1 and MO2 (Fig. 6).
This cluster of genes regulated by both MOs accounts for 44% of the MO2-affected genes
and 17% of MO1-affected genes. Validation by gPCR was performed for 4 of these genes
and all of them were shown to be significantly upregulated due to both morpholinos in this
experiment (Fig. 7). Further analysis using the PathVisio software for attributing gene
ontology to regulated probes unveiled specific molecular pathways to be stimulated due to
suppression of zGRa in the absence of exogenous GCs (Suppl. Table 2). Among those, we
distinguished the p53 pathway with 8 of its components to be regulated (and 2 of them
(tp53 and casp8) to have been verified as zGRa-regulated genes by qPCR (Fig. 7)). This
cluster of genes we consider as zGRa-dependent, and surprisingly it is completely distinct
from the dex-dependent cluster we described in the previous section, since there is no
overlap at all between these clusters. This indicates that in the absence of dex a different
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set of genes is regulated by zGRa than upon dex treatment, suggesting that zGRa acts
upon a different set of genes when activated by basal GC levels (presence of endogenous
cortisol only) than upon activation by a pharmacological dose of an exogenous GC like
dex.

SC-MO/vehicle vs SC-MO/vehicle vs
MO2/vehicle zGRP mRNA/vehicle

-

SC-MO/vehicle vs
MOl /vehicle

Figure 6. Venn diagram showing the identification of clusters of genes that are zGRo and -
dependent. The left (light grey) circle contains the cluster of genes found to be significantly
regulated by MO2 injection in the absence of dex (SC-MO/vehicle vs MO2/vehicle comparison).
The middle (white) circle contains the genes found to be significantly regulated by MOI1 injection
in the absence of dex (SC-MO/vehicle vs MO1/vehicle). The overlapping region between these
two circles contains the cluster of 81 gene regulated upon MO1 and MO2 injection (in the absence
of dex). These genes, we consider as zGRa-dependent. The right (dark grey) circle encompasses
the genes found to be regulated upon GRB mRNA injection (SC-MO/vehicle vs zGRf
mRNA/vehicle). The overlap between the right and middle circle contains the 7 genes which are
regulated by both zGR mRNA and MOI injections in the absence of dex. These genes we
consider as zGRP-dependent. The 394 genes which are exclusively regulated by MO1 we consider
as regulated by zGR, but requiring higher zGRp overexpression levels than those obtained with
zGRPB mRNA injections.
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Figure 7. Validation by qPCR of MO-regulated genes identified by microarray analysis. The
transcription rates of all genes examined were significantly higher in both MO1- and MO2-injected
groups compared to the SC-MO group. These data provide confirmation of the results from our
microarray analysis for these genes (zGRa-dependent transcription in the absence of dex).
Asterisks (*) correspond to a statistical significance of p <0.005.

Microarray analysis of :GRf-mediated gene transcription

Usage of MOI alters the splicing of the zGR pre-mRNA towards generation of zGRp,
thereby downregulating the expression level of zGRa mRNA (Fig. 2A and B). Since the
expression levels of both isoforms are affected, we cannot attribute any specific gene
expression changes to either one. For that reason we first analyzed the effect of injecting
MOI1 in combination with that of injecting zGR3 mRNA, which results in specific zGR
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overexpression (Fig. 6). Injection of zGRP mRNA resulted in 353 significantly regulated
probes that corresponded to 146 annotated genes (comparison SC-MO/vehicle vs zGRf
mRNA/vehicle). In order to find genes specifically affected due to zGRp upregulation, we
compared this zGRB mRNA-regulated cluster with the MOIl-regulated cluster. This
analysis revealed that only 7 genes were affected by both injection of MOI1 and zGRf
mRNA (Fig. 6). This number accounts for <5% of the zGRp mRNA-affected genes and
<1.5% of MOl-affected ones. Validation by qPCR was performed for 2 of these genes
together with 1 gene from the zGR mRNA-regulated cluster and none of the observed
effects could be verified (Suppl. Fig. 1). The low level of overlap between MO1-affected
genes and zGRP mRNA-affected genes and the failure to validate the observed regulation
of several genes by qPCR makes the relevance of this small cluster of supposedly zGRp-
regulated genes questionable.

When we compared MO1-regulated genes to MO2- and zGRp mRNA-regulated
ones, we identified a pool of uniquely MO1-affected genes (Fig. 6). We found 1035 probes
that were uniquely regulated and they were attributed to 394 annotated genes. Validation
by qPCR was performed on 5 of these genes and 2 of them showed to be significantly
regulated by MO1 (Fig. 8). Further analysis of this cluster of uniquely MO1-regulated
genes by using the PathVisio software for attributing gene ontology to regulated probes
revealed particular pathways to be specifically affected due to shifting splicing towards
increased zGRP production (Suppl. Table 3). This gene cluster could be explained as
evidence for an intrinsic transcriptional activity of zGRp (although regulation in this case
probably requires higher zGRP expression levels than the levels observed upon zGRf
mRNA injections), but might also be a result of a more efficient knockdown of zGRa by
the morpholino.

Ocyp24al OLOC794635 Btnni2a.3 Bfhla Wmkinl
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Figure 8. Validation by qPCR of unique MO1-regulated genes identified by microarray analysis.
The mRNA concentration levels of cyp24al and LOC794635 were significantly higher only in
MO1 injected group compared to SC one. The rest of the genes tested did not show any differential
regulation. Asterisks (*) correspond to a statistical significance of p <0.01.

Finally, in order to examine a possible dominant-negative effect of zGRp, we
studied whether dex-induced regulation of gene transcription was affected by an altered
expression level of zGRP. Therefore, we considered the cluster of dex-regulated genes and
compared it with the cluster of zGR} mRNA-regulated genes in the presence of dex
(comparison SC-MO/dex vs zGRB mRNA/dex). The overlap between these clusters, being
the cluster of genes of which transcriptional regulation upon dex treatment was
significantly compromised in the zGR3 mRNA-injected group, consisted of only 4 genes,
which constitutes <3% of the dex-affected gene cluster (Fig. 9). Further validation by
gPCR on 3 of these genes (expression of ill7a/f2 gene was not detectable by qPCR)
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showed that only the expression of si:ch211-234p6.12 was significantly affected by zGRf
mRNA injections whereas for the other two genes tested (si:ch2l1-284el3.2 and zgc:
163121), no such effect was observed (Fig. 10). Thus, our analysis shows that only a very
small fraction of dex-regulated genes is regulated by zGRp in a dominant-negative way.

SC-MO/vehicle vs SC-MO/dex vs
SC-MO/dex zGRPB mRNA/dex

Figure 9. Venn diagram showing the analysis of the possible dominant-negative acivity of zGRp.
The white circle contains dex-regulated genes (SC-MO/vehicle vs SC-MO/dex) and the grey circle
encompasses the zGRE mRNA-regulated genes (SC-MO/dex vs zGRp mRNA/dex). The overlap
contains 4 genes affected by dex treatment, and displaying a decreased level of dex-mediated
regulation due to zGRp overexpression. Thus, in our microarray experiment, zGR was shown to
have a dominant-negative effect on the transcription of 4 genes.
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Figure 10. Validation by qPCR of the dominant-negative effect of zGRp. A. The dex-mediated
upregulation of si:ch211-234p6.12 gene was significantly compromised due to zGR mRNA
injection compared to SC-MO injected group. B. The dex-mediated upregulation of si:ch211-
284e13.2 gene was not significantly altered due to zGR mRNA injection compared to SC-MO
injected group. C. The dex-mediated downregulation of zgc: 163121 gene was not significantly
altered due to zGRB mRNA injection compared to SC-MO injected group. These results
demonstrate that zGRP exhibits a dominant-negative effect only on the si:ch211-234p6.12 gene.
Asterisk (*) indicates a statistical significance of p <0.001.

Discussion

Recently, the zebrafish embryo model has emerged as a potent in vivo system for gene
knockdown studies using morpholinos. These agents efficiently block either the translation
of expressed transcripts or their proper splicing, thus enabling functional characterization
of gene activity at the whole organism level [45, 49]. In the present study, we have
employed this reverse-genetic approach in zebrafish embryos in order to study the GR
signaling pathway. In particular, we aimed to reveal specific target genes of the zGR a-
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and B-isoform under basal conditions as well as after dex treatment. For this purpose, two
different (splice-blocking) morpholinos were used. One that directs alternative splicing of
the zGR pre-mRNA towards increased zGRP expression, thereby decreasing the
expression of the canonical zGR a-isoform (MO1), and another that functionally knocks
down both the zGR a- and B-isoform (MO2). In addition, zZGRB mRNA injections were
used to specifically increase zGRp expression. The efficacy of the morpholino treatments
was tested by PCR, showing that the splice pattern was altered as expected.

Neither the morpholino treatments nor injections of zGRB mRNA caused any
obvious morphological abnormalities during embryonic development. This observation is
consistent with other studies, in which different splice-blocking morpholinos were used for
a functional knockdown of zGR [50, 51]. In mice, knockout of GR has been shown to be
lethal several hours after birth, mainly as a result of compromised lung development [52].
This apparent paradox could be due to the fact that our splice-blocking morpholino
treatment does not result in a complete knockout and does not affect maternally deposited
mRNAs (so morpholinos start to act after the onset of zygotic transcription (~4-5hpf).
Alternatively, zebrafish development may be more resistant to fluctuations in GR
availability, for example because of the absence of lungs. Despite the absence of any
obvious morphological disruptions, our genetic manipulation of zGRa and zGRp
transcripts led to significant transcriptional changes as shown by microarray analysis and
further qPCR validation.

Before studying genes regulated upon our genetic manipulation, we first
investigated genes of which the expression is affected by ligand activation of zGRa. For
this purpose, we compared the control (SC-MO)-injected group treated with vehicle with
the control-injected group treated with dex, and we identified 138 genes that were
significantly regulated upon dex treatment. From these genes, 4 (slc5al, agxth, rhcgb and
hsdl1b2) were tested by qPCR and the regulation observed in the microarray was verified
for all 4 (Fig. 4). Moreover, gene ontology analysis (Suppl. Table 1) showed that
metabolic pathways (e.g. cytochrome P450-dependent metabolism, citrate cycle,
glutathione metabolism, steroid hormone biosynthesis) are particularly induced upon dex
treatment, alongside other pathways well-known to be affected by GC signaling like the
insulin [53] and prostaglandin signaling pathway [54]. Our dex-responsive gene set,
obtained in an in vivo model, could complement data derived from previous studies in
which researchers also availed themselves of microarray technology in order to identify
GR target genes and characterize their transcriptional regulation [55-58]. In some of these
studies, gene ontology analysis also revealed GR activation to affect metabolic pathways
as we found in our data set [59, 60].

Moreover, further examination showed that for the majority (57%, 78 genes) of
these 138 dex-regulated genes the induction upon dex treatment was significantly reduced
due to suppression of zGRa expression upon either MO1 or MO?2 injections (Fig. 5). The
rest of the dex-regulated genes could either be less sensitive to zGRa availability (most
likely due to different promoter affinities for GR occupancy [61-63]) or represent false
positive results. Thus, this analysis provided us with a corroborated set of 78 genes which
are regulated upon dex treatment and of which this regulation is zGRa-dependent. In
addition, it confirmed the validity of our microarray experiment.

Next, we examined genes influenced due to specific zGRa knockdown (Fig. 6) by
both MO1 and MO2 (in the absence of dex). We identified 81 genes to be significantly
regulated due to zGRa suppression. From these genes we tested 4 by qPCR and zGRa-
dependency was verified for all 4 of them (Fig. 7). Gene ontology analysis unveiled
specific pathways to be influenced by zGRa under basal conditions. These pathways
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concern (among others) apoptosis, the Androgen receptor signaling, the MAPK signaling,
and the cell cycle (Suppl. Table 2). From this list, we distinguished the p53 pathway with 7
of its components to be induced (and 1 to be suppressed) due to knockdown of zGRa.
From this particular signaling cascade we confirmed by qPCR the induction of casp8 and
tp53 (Fig. 7). Thus, under basal conditions, zGRa appears to suppress the p53 pathway and
this finding is in line with the results of many other studies, both in zebrafish and in other
systems. In a microarray study by Pikulkaew et al. [51], the use of a morpholino targeted
against the zebrafish GR also led to a substantial induction of #p53 and casp8 at 10hpf
[51]. Another interesting observation comes from a study by Danilova et al. [64], who
showed that long-term (1-3 days) dex treatment suppressed /53 levels that were initially
elevated due to rplll gene mutation. In mammalian systems, GR and p53 can physically
interact and impair each other’s transcriptional activities (e.g. via sequestration in the
cytoplasm [65-67]) as well as act synergistically [68-70]. Additionally, there are data on a
negative correlation between p53 and GR levels [71, 72]. Since most of this research has
been done using cell lines, the zebrafish could provide a powerful in vivo model in order to
elucidate the molecular mechanism of interaction between GR and p53 and explore the
biological outcome at the whole organism level, e.g. alterations in the level of apoptotic
cell death during development.

Furthermore, we investigated whether the gene cluster of 138 dex-regulated genes
overlaps with the cluster of 81 genes identified as zGRa-dependent in the absence of dex.
Surprisingly, we found no overlap between these clusters, indicating that zZGRa regulates a
different set of target genes under basal conditions than upon activation by dex. Upon dex
treatment various metabolic pathways are induced, whereas morpholino knockdown of the
receptor activates immune-releated pathways and the MAPK signaling cascade (Suppl.
Tables 1 and 2). These findings put forward the idea of two distinct gene sets; one set to be
regulated under basal conditions for maintenance of homeostasis (e.g. in our case by
suppressing p53 pathway) and the other to be regulated upon a stressful stimulus in order
to restore homeostasis (e.g. in our case by inducing metabolic routes) [61]. In this respect,
it can be hypothesized that the potency of zGRa to induce transcription differs between
target genes, which may be for example due to different binding affinities for ligand-bound
receptors of the GREs. Hence, some genes could already be activated upon zGRa
activation by basal cortisol levels, whereas other genes may need increased levels of
activated zGRa, like those observed after dex treatment in our work [61-63]. In support of
this notion, a recent study by Reddy et al. [73] showed variation in the sensitivity of genes
to siRNA treatment against the GR. Further examination of the GRE architecture of genes
from these distinct gene clusters could explain their differential response to zGRa
signaling and therefore contribute to a better understanding of GRa-mediated transcription
under various physiological conditions.

Subsequently, we looked into target genes specific for zGRp in the absence of dex,
in order to reveal a possible intrinsic transcriptional activity of this isoform. Therefore, we
investigated whether there was any overlap between the cluster of MO1- and zGRf
mRNA-affected genes (in the absence of dex). This analysis resulted in a cluster of only 7
genes regulated due to zGRP overexpression by both MO1 and zGRf mRNA (Fig. 6).
Validation by qPCR on 2 of those genes failed to verify the zGRB-mediated regulation
observed in the microarray. This failure to verify the regulation in combination with the
very low number of genes affected by both MO1 and zGR mRNA strongly suggests that
this cluster represents false positive hits.

A surprisingly large cluster of 394 genes was identified that was regulated
exclusively by MO1 (Fig. 6). The lack of regulation of these genes by MO2 suggests that
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they are not regulated by zGRa but exclusively by zGRp, whereas the lack of regulation
upon zGRP mRNA injection suggests that regulation of these genes requires relatively
high zGRP levels, since qPCR analysis showed that MOI led to a significantly higher
zGRP upregulation than that observed upon zGRp mRNA injections (Fig. 2). Validation
by qPCR confirmed the induction of 2 genes, Cyp24al and LOC794635 (out of 5 genes
tested, Fig. 9), which are involved in Vitamin D3 metabolism and the immune response
respectively [74, 75]. Applying gene ontology analysis to this cluster of uniquely MO1-
regulated probes revealed specific signaling cascades to be regulated like that of TGF-beta,
delta-notch, Id, noncanonical wnt, and pentose phosphate as well as fructose and mannose
metabolism (Suppl. Table 3). This gene cluster could reflect specific target genes for
zGRP, thus providing evidence for an intrinsic transcriptional activity for this receptor.
Regulation in this case probably requires higher zGRP expression levels than the levels
observed upon zGRB mRNA injections. Alternatively, it could be explained as a gene
cluster specific for zGRa but as a result of a more efficient knockdown by MO1 compared
to MO2.

Next, we examined a possible dominant-negative activity of zGRp and identified
only 4 genes for which the dex-induced gene transcription was significantly compromised
due to zGRP mRNA injection, accounting for <3% of the cluster of dex-affected genes.
Validation by qPCR of these 4 genes confirmed a dominant-negative effect on 1 of those
(sizch211-234p6.12, encoding an unknown protein). These data most likely reflect the
absence of a significant inhibitory role of zZGRp on the transcriptional properties of zGRa.
Nevertheless, we cannot rule out that very specific and limited effects (as in the case of
si:ch211-234p6.12) can be attributed to a dominant-negative function of zGRp. With
respect to this notion, in mice it was shown that GRf's dominant-negative activity was
specific for a subset of genes, but still 4 out of 6 genes tested showed a dominant-negative
effect, suggesting a much lower level of specificity than observed in our study for zGRf
[31]. Alternatively, the dominant-negative activity of zGR} may require higher expression
levels in order to exert more wide-spread effects, as previously hypothesized for its
intrinsic transcriptional activity. Collectively, our findings on zGR do not point to a very
profound effect for this receptor, but suggest particular requirements such as high
expression levels and gene specificity for zGRP’s transcriptional properties. This
conclusion is in line with controversial data obtained from overexpression studies of the
human GRp, which revealed inconsistencies concerning its inhibitory effects among
different experimental setups [16-18, 21, 22, 26, 27], as well as little overlap between
hGRp target genes found in different cell types [19, 20].

In summary, our microarray analysis of the zGR signaling in 1dpf zebrafish
embryos identified two distinct zGRo-dependent gene clusters. One that is affected at
basal levels of zGRa activation and another that is regulated after stimulation with
exogenous glucocorticoids. Additionally, zGRp may exhibit intrinsic transcriptional
activity that requires a high expression level of this splice variant. Finally, zGRp does not
appear to have a profound inhibitory role in the zGRa’s transcriptional properties.
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Supplemental data
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Supplemental Figure 1. Verification by gPCR of zGRp mRNA and MO1-mediated intrinsic
transcriptional activity on LOC564200, cab39 and uox identified by microarray analysis. Groups
assessed were SC-MO/vehicle vs MO1/vehicle and zGRf3 mRNA/vehicle. None of the genes tested
showed any differential regulation upon either MO1 or zZGRB mRNA injections.

Pathway Genes meeting criteria Z scores \
Drug metabolism - cytochrome P450 3 5.6
Metabolism of xenobiotics by cytochrome P450 3 5.37
Prostaglandin signaling 3 4.97
Glutathione metabolism 3 4.79
NOD pathway 3 3.71
Insulin signaling pathway 5 3.51
Toll like receptor pathway 5 3.47
Adipocytokine signaling pathway 3 3.4
Citrate cycle (TCA cycle) 2 3.26
Steroid hormone biosynthesis 2 3.07

Supplemental Table 1: Molecular pathways revealed by PathVisio gene ontology analysis of
dex-regulated genes.

p53 signaling pathway 8 10.83
G1 to S cell cycle control 4 6.13
Androgen Receptor Signaling Pathway 4 4.38
MAPK signaling pathway 4 3.26
RIG-I-like receptor signaling pathway 3 3.19
Apoptosis 3 3.12
Cell cycle 4 3.08
Glycosaminoglycan biosynthesis - chondroitin

sulfa 1 2.93
NOD-like receptor signaling pathway 2 2.72
Toll-like receptor signaling pathway 3 2.7

Supplemental Table 2: Molecular pathways revealed by PathVisio gene ontology analysis for
morpholinos-regulated genes (see Fig. 6).
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TGF-beta 9 4.92
1d Signaling Pathway 4 3.61
Toll like receptor pathway 8 3.45
noncanonical wnt pathway 7 32
Nodal signaling pathway 5 3.14
neural crest development 4 2.96
Fructose and mannose metabolism 3 2.64
Pentose Phosphate Pathway 1 2.64
Delta-Notch Signaling Pathway 4 2.59
IFN Pathway 6 2.57

Supplemental Table 3: Molecular pathways revealed by PathVisio gene ontology analysis for
genes exclusively regulated by MO1 (see Fig. 6).

Official gene Gene Forward primer sequence Reverse primer sequence

name symbol

Bactinl Bactinl CGAGCAGGAGATGGGAAC CAACGGAAACGCTCATT
@ GC

FK506 binding fkbpS TCTGCCAGCACAAGATTC  GACCCTGCTTATTCTGAT

protein 5 GTGAGC CGGAAA

nuclear receptor zGRp GATGAACTACGAATGTCTT GCAACAGACAGCCAGAC

subfamily 3, group transcript A AGCTCACT

C, member 1

(glucocorticoid

receptor)

nuclear receptor zGRa AACTGGCAACGGTTCTATC TTCTGGTGAAAGAGCAG

subfamily 3, group transcript AGCTCA CGG

C, member 1

(glucocorticoid

receptor)

matrix mmp2 TTCTTGGACTGCTGTTCCc  TGTGACCATCACCATTA

metalloproteinase 2 G AGGCTA

poly (ADP-ribose) parp3 CCAAGGACAAATTCACTT  GGTTCCTTGTGCCCTTCA

polymerase family, CcG CCT

member 3

caspase 8, apoptosis-  casp8 TGGTAAACCAGTTGAAAT  TTGCTAGTGTTCTGCATC

related cysteine CCGAGA cG

peptidase

tumor protein p53 tp53 CGGATGGAGATAACTTGGe TTCCCTGTAATTTGCTCG
G CTGAT

si:ch211-234p6.12 si:ch211- TGGAGAGAGAAAGATGGC TGGAGACAGGTGAACCA

234p6.12 cG TTGCT

zge: 163121 zge: 163121  TCAACTCCAGCATTGAGG  AGGCTCCATAGACTGTA
AAGC GTTCcG

si:ch211-284el3.2 si:ch211- AGACAATGCAGAGTGCTG TTGAACCCGTGCCAACA

284el3.2 CTGG CTGCC

calcium binding cab39 GTACCAATGAGAAGGAGC GAGCAGGCCGCTGTTGT

protein 39 cG AGAG

metallo-beta- LOC564200 GCTGAAGATGACGGCGCG ACGGACCGCCTGTGTCC

lactamase domain- TT ACTAA

containing protein I-

like

urate oxidase uox ATCCGGCGTGAAGGGAAC TTTGGCAAGAGCGTGGA
CA CGGTG
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solute carrier family — slc5al GTAAAGCTGTCTGTGGAG  CCACCACAAGTTTGGGA

5 (sodium/glucose CcG TAAGC

cotransporter),

member 1

hydroxysteroid 11- hsd11b2 AACCCCAGGTGCGATACT  AACCTGTCGCTGATGCT

beta dehydrogenase AcG GAGTG

2

rhesus blood group,  rhcgb GTGCTTCGTCTGGCAGGTG GTGTCTGCCTCCTCGTTA

C glycoprotein b T TACcG

alanine-glyoxylate agxth TGAAGCATCACCAGATCG  GTATCCCATGAGCCCAA

aminotransferase b AGTTT TCcG

cytochrome P450, cyp24al TTCACCGTCCGTGCCGTTC AGGCAGGGTGTAATCGC

family 24, subfamily A CCA

A, polypeptide 1

muskelin 1, mkinl AGCTCTTGCCCTCCGCTCT TGTGTGCGCTGGGCGTA

intracellular GTT TGT

mediator containing

kelch motifs

complement C4-like  LOC794635 AGCATCGCTCGTGCCACC  TCCAGGCTGACAGTGCT
AA TGGGT

Jour and a half LIM  fhla AGTGCAAGCAGCCTATCC  TTGCAGCGAACGCAGTG

domains a GCA CTTG

troponin I, skeletal, tnni2a.3 ATGACATCGAGCCGTAGG GCATGGACAGAGGAGC

fast 2a.3 CACC GCAGTT

Supplemental Table 4: Sequences of all primers used qPCR analysis.
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