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Introduction

Glucocorticoids (GCs) are the major stress hormones, produced by the hypothalamic-pituitary-
adrenal (HPA) axis. The production of GCs is initiated by stress, which activates the expression of
corticotropin releasing hormone (CRH) in the hypothalamus, leading to the secretion of
adrenocorticotropic hormone (ACTH) by the pituitary in the blood which stimulates the adrenals
(Spiga et al, 2014). GCs are mainly generated by the adrenal glands and regulate carbohydrate, lipid
and protein metabolism (Vegiopoulos & Herzig, 2007; Rose et al, 2010). They bind to the intracellular
GC receptor (GR), a versatile transcription factor involved in a range of physiological responses. GR
can directly regulate the expression of hundreds of genes, many of which have strong anti-
inflammatory effects, via DNA binding e.g. in hepatocytes and white blood cells. GR additionally
interacts with and prevents the activity of other transcription factors, such as nuclear factor kB (NF-

kB) (Timmermans et al, 2019).

In animal models, inhibition of GC production by surgical adrenalectomy, or inhibition of GR using
RU486 (Dejager et al, 2010) or via genetic ablation (Kleiman et al, 2012) leads to extreme sensitivity
for inflammatory stimuli, e.g. in lipopolysaccharide (LPS)-induced endotoxemia. Synthetic GCs, such
as dexamethasone (DEX), are widely used in inflammatory diseases like rheumatoid arthritis (RA)
(Vandewalle et al, 2018), and recently shown to reduce mortality in patients seriously ill with COVID-
19 (Sterne et al, 2020). We and others have found that the transcriptional induction of genes with
anti-inflammatory effects (e.g. Tsc22d3 encoding Glucocorticoid Induced Leucine Zipper, GILZ, or
Duspl encoding Map Kinase Phosphatase 1, MKP1) by GR in organs, such as liver, can become
compromised by a mechanism that still needs to be unfolded. In acute, lethal inflammation, like
septic shock, a functional decline of GR has been observed and has been called GC resistance
(GCR)(Van Bogaert et al, 2011; Dendoncker et al, 2019; Vandewalle et al, 2021). Since the reduction
of GR function is possibly the result of interference between transcription factors, certain authors
have focused their attention on NF-kB as a factor responsible for GCR (Dendoncker et al, 2019).
However, under drastic inflammatory conditions, also hypoxia-induced factors (HIFs), are activated in
tissues (Cummins et al, 2016). Next to its anti-inflammatory function, GR has important metabolic
functions. In fat tissue, GR can activate lipolysis, leading to the release of free fatty acids (FFAs) and
glycerol (de Guia & Herzig, 2015). GR also stimulates gluconeogenesis in hepatocytes (Rose & Herzig,
2013). Moreover, GR can play a role in the maturation of the skin barrier (Sevilla & Pérez, 2018) and

the lung (Daniel Bird et al, 2015) during development.

Hypoxia has an important physiological role during normal life, and the liver is essential for the

physiological regulation of gene expression during hypoxia (Jungermann & Kietzmann, 2000). The



major pathway regulating the response to low oxygen (O,) concentrations involves the activation of
HIFs, heterodimeric factors composed of HIFa (mainly HIFla and HIF2a) and HIFB. While the B-
subunit is constitutively expressed, HIFa subunits are hydroxylated by the O, sensors prolyl-4-
hydroxylases (PHDs) in normoxia (Wielockx & Meneses, 2016; Nakayama & Kataoka, 2019). This
leads to the binding of the von Hippel-Lindau protein (pVHL) and degradation by the 26S proteasome
(Cockman et al, 2000; Schofield & Ratcliffe, 2004). In low O, concentrations, PHDs lose their
enzymatic activity, HIFa is stabilized and translocates to the nucleus. Together with HIFB and other
co-factors, they will bind to hypoxia responsive elements (HREs) in the promoter/enhancer of a
selection of genes and regulate their expression, mostly by inducing transcription (Wielockx &
Meneses, 2016). This is important for the activation of metabolic pathways involved in cellular
glucose (Semenza, 2011), lipid metabolism (Mylonis et al, 2019) and erythropoiesis (Franke et al,
2013). Sensory systems have developed to detect environmental O, concentrations and to adapt to
hypoxia (Bleymehl et al, 2016; Chang et al, 2015). When rats are exposed to perinatal hypoxia, Crh
MRNA levels are significantly higher in the paraventricular nucleus (PVN) of hypothalamic cells (Raff
et al, 2007) and an age-dependent ACTH and GC response is induced (Bruder et al, 2008). The
administration of DMOG (dimethyloxalylglycine), a PHD inhibitor leading to increased HIFla protein
levels, elevates plasma GC levels in rats following an acute stressor such as air puffs (Harrell et al,
2015). The cortisol awakening response (CAR) in humans, a marker for the HPA axis function, is
significantly higher when ascending to an altitude > 3000 m compared to natives residing
permanently at high altitude (Park et al, 2014). Altogether, hypoxia is able to activate the HPA axis

and induce the production of GCs.

Several in vitro studies present an interaction between GR and HIF. Kodama et al. have identified that
a ligand-dependent activation of GR increases hypoxia-dependent gene expression and HRE activity
in Hela cells (Kodama et al, 2003). Next, hypoxia causes a transcriptional upregulation of Nr3cl in
human renal proximal tubular epithelial cells (Leonard et al, 2005) and mouse pituitary AtT-20 cells
(Zhang et al, 2015). In contrast to the previous results, the expression of HIFla target genes is
decreased in hypoxic HEPG2 cells when stimulated with DEX (Wagner et al, 2008). These
contradictory findings illustrate highly dynamic interactions between O, concentrations and GR
function mediated through HIFla. Recently, it has been shown that hypoxia is involved in the
rewiring of the GR cistrome, thereby indicating a reprogramming of the GR to changes in O,
concentrations (Yang et al, 2020). Furthermore, the GR function is essential in oxygen deprived
conditions for the expansion of immature erythroid cells during stress erythropoiesis by increasing
the erythrocyte count, haematocrit and haemoglobin content of the peripheral blood (Bauer et al,

1999). Also in vivo studies in zebrafish larvae have found a crosstalk between HIF and GR (Vettori et



al, 2017; Marchi et al, 2020). Although these papers are very valuable, we are convinced that we

need to understand the impact of hypoxia on GR in a pathophysiological context in vivo.

Severe inflammatory conditions, such as systemic inflammatory response syndrome (SIRS) and sepsis
are associated with increased blood lactate levels (Garcia-alvarez et al, 2014) and lead to GCR
(Dendoncker et al, 2019; Van Bogaert et al, 2011; Vandewalle et al, 2021). Since HIFs are also
activated during inflammation (Cummins et al, 2016), we investigated whether hypoxia has an
impact on the transcriptional activity of GR, and if it accounts for (part of) the GCR. To study this, we
compared the response of mice under normoxic conditions (21% O,) with mice under hypoxia (7%
0,) and studied the genome-wide transcriptional response to DEX and GR DNA-binding profile, in
liver. Also, the effect of hypoxia on the HPA axis activation and the metabolite profile in the blood

were studied.



Results

Hypoxia modifies the GR response to DEX in the liver

To study the induction of HIF activity in mouse liver during hypoxia, mice were hydrodynamically
injected in the tail vein with PBS or with a HRE-driven luciferase reporter plasmid (HRE-luc) and were
randomly assigned to normoxia (21% 0O,) or hypoxia (7% O,)(Fig 1A). Luciferase activity was
measured. In normoxia, we detected a low signal in livers of mice injected with the reporter plasmid.
Hypoxia strongly increased the luciferase activity, especially at the 6h and 24h time point (Fig 1B, C).
A transfection efficiency of about 50% of the HRE-luc reporter plasmid was observed (Appendix Fig
S1A, B). To investigate the role of HIF1la and HIF2a in the regulation of HRE-luc during hypoxia (6h),
the reporter activity was measured in HIF1a"""*° and HIF2a*"*° mice and was found to be reduced in

HIF1a*"**® mice and absent in HIF2a""**® mice, when subjected to hypoxia (Fig 1D-G).

We investigated the effect of hypoxia on GR activity by injecting mice i.p. with PBS or DEX (10 mg/kg)
after 6h or 24h of normoxia or hypoxia. Since the liver is essential in the physiological regulation of
gene expression during hypoxia (Jungermann & Kietzmann, 2000) and since the GR has important
metabolic and anti-inflammatory functions in this organ (de Guia & Herzig, 2015; Rose & Herzig,
2013), we isolated livers and performed genome-wide transcriptomics analysis by RNA-seq 2h after
PBS or DEX injection (Fig 2A). Of the 462 genes that were significantly upregulated by DEX in
normoxia (log fold change [LFC] > 1 and P < 0.05), only 220 were upregulated 6h after hypoxia. Also,
in normoxia, 394 genes were significantly downregulated by DEX (LFC < -1 and P < 0.05), while only
152 genes were downregulated by DEX after 6h hypoxia (Fig 2B). Similarly, only 182 genes were
upregulated by DEX 24h after hypoxia, while 476 genes were upregulated by DEX in normoxia. 383
genes were significantly downregulated by DEX in normoxia, while only 143 genes were
downregulated by DEX after 24h of hypoxia (Fig 2D). When plotting the LFC of all DEX responsive
genes (LFC > 1 and P < 0.05 and LFC < -1 and P < 0.05, compared to PBS) in normoxia and hypoxia, a
clear reduction of the GR response was observed under hypoxic conditions, both after 6h (Fig 2C,
slope + standard error of linear regression curve (LRC) = 0.6248 + 0.007096) and 24h (Fig 2E, slope of
LRC = 0.5679 + 0.007065). Representative examples of GR responsive genes are shown after DEX
stimulation in normoxia and hypoxia based on the RNA-seq data (Fig 2F and 2G). So, under hypoxic
conditions less genes are differentially expressed by DEX, and the fold induction of genes
induced/repressed by DEX in hypoxia is less outspoken. Using Enrichr, we compared the pathways
controlled by the genes induced by DEX in normoxia alone [6h (n=262) and 24h (n=294)] with those
induced by DEX in both normoxia and hypoxia [6h (n=220) and 24h (n=182)]. Based on the ‘Wiki



Pathways 2019 Mouse’ function in Enrichr, we suggest a shift from inflammation control to

metabolic control (Table 1).

To explore the mechanism by which hypoxia changes the response of the GR to DEX, we investigated
key aspects of the GR signalling in hypoxic conditions. Both after 6h and 24h of hypoxia, the GR
protein levels were not declined in the liver (Fig EV1A). Subsequently, we studied the effect of
hypoxia on GR chromatin-binding by means of genome-wide ChlP-seq. Liver samples were isolated as
in RNA-seq (Fig 2A): 2h after PBS or DEX stimulation, 6h or 24h after normoxia and hypoxia.
Biological triplicates were used for all conditions, given a total of 18 analysed samples (3 N_PBS, 3
N_DEX, 3 H_PBS_6h, 3 H_ DEX_6h, 3 H_PBS_24h and 3 H_DEX_24h) and input controls. In Fig EV1B,
the PCA plot clarifies the variance within samples per condition, based on the peaks found in the
ChlP-seq after normalization and scaling of the data. All samples are clustered together per group,
except for one sample within the H_PBS_6h group. However, this inconsistency is not problematic
since most of the comparisons are based on the DEX stimulated conditions. When plotting the LFC of
genes that responded to DEX regardless of their O, concentration, we observed a clear DEX effect in
normoxia. A reduced DEX effect on GR chromatin-binding was detected both after 6h and 24h of
hypoxia (Fig 2H). We found that the coverage of the GR DNA-binding peaks, as found after DEX
stimulation in normoxia, was generally lower in hypoxia after DEX stimulation, both at the 6h and
24h time points (Fig 21). By means of illustration, GR peaks found at the promoter region of Fam107a
and Sgk1 are shown (Fig EV1D, E). Fig EV1C represents a heatmap based on the GR DNA-binding
peaks after normalization and scaling of the ChIP-seq data found in normoxia after DEX stimulation
compared to input samples of this group. Log;, of the total area under the peak is displayed in this
heatmap. Overall, we observed that the total area under the peak was higher after DEX stimulation
compared to PBS both in normoxia and hypoxia (6h and 24h). Additionally, the coverage of GR DNA-
binding peaks after DEX stimulation in hypoxia is highly correlated with the peak coverage in the liver
of DEX stimulated mice in normoxia [Pearson correlation coefficient (PCC): N_DEX vs H_DEX_6h =
0.9238885 and N_DEX vs H_DEX_24h =0.914772]. When we only compare the PBS treated groups in
normoxia and hypoxia, the GR-DNA binding profile is mostly altered after 6h hypoxia (PCC: N_PBS vs
H_PBS_6h =0.8191357 and N_PBS vs H_PBS_24h = 0.9431441).

To gain insight into the role of HIF in the expression of these GR responsive genes during hypoxia, we

AlPKO mice and wild-type littermates

examined the expression of Hspala in the liver of HIF1aHIF2a
after 6h hypoxia and DEX stimulation via RT-qPCR. The expression pattern of Hspala is similar in
HIF1aHIF2a"™ and HIF1aHIF2a*"**° mice (Fig EV1F). Taken together, these data demonstrate that the
reduced GR response to DEX in hypoxia can be linked to a reduced GR DNA-binding (Fig 2l), but the

changes are largely locus-specific and not observed to the same degree at every GR peak and gene



detected via ChIP-seq. Furthermore, it seems that HIF1a and HIF2a in the liver are not involved in the

reduced GR response to DEX upon hypoxia.
Expression of specific DEX responsive genes only in hypoxia

Both in mice that had been 6h and 24h in hypoxia, we found expression of a set of DEX responsive
genes that were not induced by DEX in normoxia. It concerns 61 genes at 6h and 50 genes at 24h (Fig
2B, D), showing an overlap of only 6 genes. An overview of these genes can be found in Dataset EV1
(6h) and Dataset EV2 (24h). Examples are shown in Fig 3A and 3B. The number of these newly
acquired DEX-responsive genes is considerably less compared to the amount of DEX responsive genes
that are lost by hypoxia (262 genes at 6h, 294 genes at 24h). The general expression pattern of these
genes was also evaluated in normoxia and hypoxia alone. Boxplots were used based on the median
of the LFCs of these genes after 6h and 24h hypoxia (Appendix Figure S2A, B). First, when comparing
the LFCs directly in normoxia and hypoxia, a median LFC of around 0 is observed. This indicates that
hypoxia alone does not have an influence on the expression level of these genes. Second, DEX
stimulation in normoxia does not lead to a significant induction of these genes but shows a fairly
large non-significant fold change. The individual LFC values tend towards a lower expression in
hypoxia compared to normoxia. Overall, when hypoxia is combined with DEX treatment, DEX
counteracts the initial downregulation that is observed in hypoxia alone. In hypoxia, the DEX effect is
enhanced indicating that both hypoxia and DEX stimulation are necessary to induce the expression of
this subset of genes. Since these genes are expressed by GR in hypoxic conditions, a crosstalk
between GR and HIF may form the mechanism of this induction. By studying the pathways induced
by the union of these DEX-induced genes in hypoxia via Enrichr, we found that peroxisome
proliferator-activated receptor alpha (PPARa) is the top-activated transcription factor. Also GR and
HIFs were found. When analysing pathways that are induced by these unique DEX responsive genes
in hypoxia, Enrichr revealed exclusively metabolic pathways, including fatty acid B-oxidation. Finally,
the top GO associated biological response found via Enrichr, was the response to GCs. Together,
these data suggest that in hypoxia DEX is sensed, GR, PPARa, HIFla and HIF2a are activated, and

metabolic reprogramming is induced.

We then studied the GR DNA-binding profile of these specific DEX responsive genes in hypoxia. A
clear DEX effect in hypoxia was observed when plotting the LFC of these genes induced by DEX in
hypoxic conditions compared to the expression of these genes after DEX in normoxia (Fig 3C). Based
on the GR DNA-binding sites associated with DEX responsive genes in hypoxia, an increase in the
coverage of these GR DNA-binding peaks was observed after DEX in hypoxia compared to PBS (Fig

3D). However, the increase in peak coverage was still lower after DEX stimulation in hypoxia



compared to normoxia, indicating that other mechanisms could be involved next to the alterations in
the GR DNA-binding profile responsible for the differences that we observed in the transcriptomics
data. The GR DNA-binding peaks of SIc22a5 6h and 24h after hypoxia and DEX stimulation are shown
in Fig 3E. Using HOMER de novo motif search, we could not detect a clear link between GR and HIF
which could be responsible for the induction of the DEX responsive genes in hypoxia alone. We also
investigated the expression levels of S/c25a30 in the liver of HIF1aHIF2a"™ and HIF1aHIF2a""™° mice
after 6h hypoxia stimulated or not with DEX. The absence of HIF1a and HIF2a in the liver did not alter
the expression pattern of Slc25a30 (Fig 3F). In conclusion, we identified DEX responsive genes in
hypoxia linked with metabolic pathways and higher GR DNA-binding after DEX stimulation in hypoxia.
Further investigation will be necessary to identify other mechanisms involved in the regulation of the

expression of these specific DEX responsive genes in hypoxia.
Hypoxia causes activation of GR by HPA axis stimulation

Since we have shown that the response to DEX under hypoxia is less pronounced, we wanted to
investigate whether the GR is already activated upon exposure to hypoxia and therefore GR is not
able to respond to DEX. Based on the RNA-seq data, we found that hypoxia induced the expression of
typical GR responsive genes in the liver (LFC > 1 and P < 0.05): 51 genes after 6h hypoxia (Fig 4A) and
99 genes after 24h hypoxia (Fig 4B), with 26 genes overlapping. These genes are known GR-
stimulated genes, as they were also induced by DEX in normoxia in the RNA-seq data, so these genes
will be referred to as ‘stress GRE genes’. A heatmap of these stress GRE genes is displayed in Fig 4C.
Fig EV2 shows heatmaps of the GR responsive genes after 6h (Fig EV2A) and 24h (Fig EV2B) of
hypoxia. A functional survey via Enrichr of the union of the 6h and 24h genes (124 genes) reveals that
transcription factors such as GR, PPARa and HIFs, but also c-Myc, Nanog, Smad3, are associated with
the expression of these genes. We studied whether the induction of these stress GRE genes in
hypoxia can be linked with an increase in GR DNA-binding. The coverage of GR DNA-binding peaks
was clearly higher after DEX stimulation in normoxia (Fig EV3A, B) but, when comparing the peak
coverage in normoxia and hypoxia only, we observed an increase in GR DNA-binding peaks in hypoxia
for both time points, although less obvious after 24h. The GR DNA-binding peaks for Cdknla (Fig
EV3C), Mfsd2a (Fig EV3D), Ddit4 (Fig EV3E) and Igfbp1 (Fig EV3F) are shown as examples.

To investigate whether the induction of the stress GRE genes during hypoxia in the liver can be
attributed to the activation of the HPA axis, we validated the RNA-seq data via RT-qPCR in C57BL/6)
and ADX mice, of which both adrenal glands are surgically removed. The expression levels of Cdknla,
Mfsd2a, and Ddit4 were significantly increased in hypoxic conditions in C57BL/6J mice, both after 6h
(Fig 4D) and 24h (Fig 4E), but not in ADX mice (Fig 4D, E) and the plasma GC levels were significantly



higher after 6h and 24h of hypoxia in C57BL/6J mice (Fig 4F, G). Since hypoxia increases GC
production by the adrenal glands, we considered if hypoxia leads to the activation of the entire HPA
axis by studying Crh mRNA levels in the hypothalamus and plasma ACTH levels during hypoxia.
Indeed, both Crh (Fig 4H) and ACTH (Fig 41) showed a transient increase. Also, plasma GC levels were
significantly elevated after hypoxia (Fig 4J). To rule out whether the caging of the mice has an
influence on the GC production, C57BL/6J mice were housed in normal cages and in a normoxic
chamber and blood was collected after 2h, 6h and 24. No differences in GC levels were observed
(Appendix Fig S3). Furthermore, we also investigated the hypothalamic response in ADX mice in
hypoxia. Hypothalamic Crh mRNA levels were increased after 2h hypoxia in C57BL/6J mice. It is
known that Crh mRNA levels are higher in ADX mice (Dallman et al, 1994) because of a lack of GC
control. Similar Crh mRNA levels were observed in the hypothalamus of C57BL/6J and ADX mice in
hypoxia (Fig EV3G), however due to high basal Crh mRNA levels in ADX mice, no significant difference
was detected in ADX mice. The expression level of stress GRE genes was also measured in the
hypothalamus of C57BL/6J and ADX mice after 2h hypoxia. A significant increase was observed after
2h hypoxia in C57BL/6J mice, however these levels were significantly reduced in the hypothalamus of
ADX mice (Fig EV3H). To confirm that the GC levels were reduced in ADX mice, GC levels were
measured in the plasma of these mice. In C57BL/6J mice, GC levels were significantly increased in
hypoxia (2h), while this was not the case in ADX mice (Fig EV3I). Based on these data, it is likely that
hypoxia activates the entire HPA axis, starting with Crh transcription in the hypothalamus, leading to

ACTH and the induction of stress GRE genes in a GC dependent way.

Since ADX mice fail to activate GR, it could be possible that the reduced GC production also has an
effect on HIF activity in general, as was shown in GR deficient zebrafish larvae (Marchi et al, 2020).
Therefore, we have investigated the expression pattern of HIF target genes in the liver of C57BL/6)
and ADX mice in normoxia and hypoxia (6h and 24h). Fold inductions (H/N) were calculated between
C57BL/6J and ADX mice for these genes. The mean fold induction in C57BL/6J mice was generally
around 1.6, indicating an increase in the expression of HIF target genes in hypoxia. However, a
significant reduction of the fold induction (1.2) in ADX mice was observed (Fig EV2C), suggesting that
the absence of GC production influences the expression of HIF target genes. The expression pattern
of a number of HIF target genes is shown in Fig EV2D. A future study is necessary to further

investigate the impact of GR on HIF function.
GR is critical during the hypoxia induced stress response

We further investigated the role of GR in the stress response during hypoxia (6h) by inhibiting GR

using RU486, and by using GR®™*™ mice, which express a GR with a reduced dimerization potential
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and therefore are unable to induce dimer-dependent GRE genes. RU486 pre-treated mice (Fig 4K)
and GRY™™ mice (Fig 4L) were no longer able to increase the expression of hypoxia induced stress
GRE genes in the liver. We further investigated whether the presence of HIF1la and HIF2a in the liver

is essential for the expression of these stress GRE genes. Both in HIF1aHIF2a*"*°

mice and wild-type
littermates, Cdknla, Mfsd2a (Fig 4M), Ddit4 and Igfbpl (Appendix Fig S4A) were significantly
upregulated 6h after hypoxia, suggesting that the induction of the stress GRE genes depend
exclusively on GCs and GR. As a proof of concept, the expression of HIF target genes was also studied
in the liver of HIF1aHIF2a"" and HIF1aHIF2a"™*° mice in hypoxia (6h) and was significantly reduced

upon hypoxic conditions in the absence of liver HIF1la and HIF2a (Appendix Fig S4B).

Finally, we examined the response of ADX mice to DEX regarding genes induced by DEX in normoxia
but not in hypoxia in C57BL/6J mice (Fig 2, for example Hspala). In hypoxic conditions (24h), when
ADX mice were stimulated with DEX, typical GRE genes like Hspala were significantly upregulated
both in normoxia and hypoxia. Also, unique DEX responsive genes induced by hypoxia (Fig 3) were
expressed in ADX mice (Fig 4N). Based on these results, we conclude that the chronic GC production
by the adrenals in hypoxia is responsible for the altered DEX response in the liver of hypoxic mice and

is independent of liver HIF1la and HIF2a.
Involvement of hypothalamic HIF1a and HIF2a in activation of the HPA axis

To investigate the influence of hypoxia on gene expression in the hypothalamus we performed an
RNA-seq analysis 2h after hypoxia and found significant increase of 313 genes at the level of the
hypothalamus (LFC > 0.3 and P < 0.05). HOMER motif enrichment analysis based on known motifs
(vertebrates) identified 80 genes containing an HIF1p motif in their promoter (Fig 5A), also the HIF1la
and HIF2a motif (Fig 5B) as well as the GRE motif were found. Based on the expression levels of the
stress GRE genes and the appearance of HREs in the HOMER analysis it is obvious that the
hypothalamus reacts on HIF transcription factors as well as on the GR to hypoxia. Enrichr Pathway
analysis coupled the 313 upregulated genes to a HIF signalling response but it also showed that the
transcription factor Hey2, which is a HIFla/HIF2a induced gene, is associated with the observed
differential expression in the hypothalamus. Hey2 binds the E-box motif CACGTG (Steidl et al, 2000),
the same motif which is bound by other transcription factors such as NPAS, NPAS2, c-Myc, CLOCK,
BMAL and others, all of which were retrieved via HOMER motif enrichment analysis. The expression
of stress GRE genes at the level of the hypothalamus was validated using RT-gPCR (Fig 5C). In
addition, western blot as well as immunohistochemistry (IHC) confirmed HIF1la and HIF2a protein
stability in hypothalamus 2h after hypoxia (Fig 5D). In normoxia, HIF1la and HIF2a were mainly found

in the cytoplasm, while a clear nuclear enrichment was observed during hypoxia (Fig 5E). In
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conclusion, hypoxia stimulates the HPA axis, leading to GC production and the induction of stress
GRE genes in liver and hypothalamus. Additionally, both HIF1la and HIF2a are stabilized and clear

enrichment in the nuclei of hypothalamic cells during hypoxia was detected.
Hypoxia causes lipolysis and liver ketogenesis in a GR-dependent manner

The transcriptomics data in the liver and Enrichr pathway analyses suggest that hypoxia instruct GR
to regulate metabolic rather than inflammatory pathways. PPARo (encoded by the Nricl gene) is
one of the major sensors of the nutritional status and it is highly expressed in the liver and primarily
controls the oxidation of FFAs and ketogenesis (Wang et al, 2020; Grabacka et al, 2016). We
investigated the metabolic profile of mice under hypoxic conditions and the effect on liver PPARa
activity. The plasma of C57BL/6) and ADX mice was collected 6h after normoxia or hypoxia for
metabolic profile analysis. In the plasma of C57BL/6J control mice, the levels of numerous different
FFAs were significantly increased after 6h of hypoxia, while no differences were detected in the
plasma of ADX mice (Fig 6A). Fig 6B depicts several examples. A complete overview of the metabolic
profile is shown in Fig EV4A. Since FFAs are endogenous ligands and activators of PPARa, we
investigated the PPARa gene response to hypoxia by measuring PPARa responsive genes (Ppara itself
and Hmgcs2) in the liver. During early hypoxia (6h), no significant changes were observed (Fig EV4B)
but the PPARa response was significantly increased after 24h hypoxia (Fig 6C). To support that
hepatic PPARa is activated, the expression level of PPARa dependent genes was measured via RT-
gPCR in liver-specific PPARa knock-out (PPARa"™°) mice. The expression of these genes was
significantly upregulated after 24h in wild-type mice, while the expression levels were significantly

reduced in the liver of PPARa""*°

mice upon hypoxia (Fig EV4AC). To exclude whether DEX itself is able
to induce the expression of Ppara and PPARa responsive genes (Cd36, Cptla, Cpt2, Slc25a20, Hadha,
Acatl, Acox1, Acox2, Ehhadh and Hmgcs2) in normoxia and hypoxia (6h and 24h), we calculated the
fold inductions (DEX/PBS) of these genes (Fig EVAD). We were unable to detect significant differences
between the fold inductions in normoxia and hypoxia. Since the fold inductions are mainly around 1,

we can assume that DEX is not sufficient to induce Ppara and PPARa responsive genes.

We further examined the role of GR in the release of FFAs in the plasma of mice during hypoxia.
Inhibition of GR by RU486 prevented the release of FFAs in the plasma (Fig 6D) while in GRY™d4™

mice, FFA levels were still increased by hypoxia, suggesting that the increased FFA production in

white adipose tissue (WAT) is not affected by the reduced dimerization potential of GRI™4M mice

(Fig 6E). FFA levels were also measured in the plasma of PPARa""*°

mice and wild-type littermates
after 6h hypoxia. In basal conditions, the FFA levels were already significantly higher in the plasma of

PPARa""° mice. These results are in line with the increased hepatic and plasma FFA levels in full
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PPARa knock-out mice (Kersten et al, 1999; Leone et al, 1999). As expected, hypoxia significantly

fl/fl AlbKO

increased FFA levels in PPARa™"" mice. However, no difference could be observed in PPARa mice
due to the high basal levels (Fig EV4E). Since the WAT is the most essential organ for lipolysis
(Bolsoni-Lopes & Alonso-Vale, 2015), and GR can activate lipolysis (de Guia & Herzig, 2015), we
studied if the stress GRE response is induced by hypoxia (6h) in inguinal WAT (iWAT) and whether

dim/dim

this response is GR dependent. Both in mice pre-treated with RU486 (Fig 6F) and GR mice (Fig

6G), the expression of stress GRE genes was absent during hypoxia.

Because the expression of Hmgcs2, the rate-limiting enzyme in the ketone body (KB) biosynthesis
(McGarry & Foster, 1980), is significantly increased after 24h of hypoxia, we investigated the effect of
hypoxia on the production of KBs. Three endogenous KBs, namely B-hydroxybutyrate (BHB),
acetoacetate and acetone, are produced via ketogenesis in the liver, starting from acetyl-CoA (Van
Wyngene et al, 2018). The metabolomics analysis showed a significant increase of BHB in the plasma
of C57BL/6J mice 6h after hypoxia, but not in ADX mice (Fig 6H). Acetoacetic acid also tended to
increase upon hypoxia, while these levels were lower in ADX mice (Fig EV4F). The last KB acetone
was not detected via the metabolomics analysis. Furthermore, to investigate whether a reduced food
intake might be responsible for the differences in KB production between C57BL/6J and ADX mice,
the average food intake of C57BL/6J and ADX mice after 24h normoxia or hypoxia was determined.
We did not observe a difference in food intake between C57BL/6J and ADX mice in normoxia and
hypoxia, however a significant reduction in food intake was observed in both C57BL/6J and ADX mice
during hypoxic conditions (Fig EV4G). When GR was inhibited via RU486, KBs were not elevated in

dim/dim mice (Fig

the plasma of these mice (Fig 6l). Interestingly the increase in KBs was absent in GR
6J), suggesting that intact GR dimerization is a necessary companion of PPARa (as shown earlier in
starvation studies (Ratman et al, 2016)) for ketogenesis in hypoxia. We also confirmed the

involvement of PPARa in the KB production, since KB levels were significantly increased in PPARa™"

AIBKO' mice (Fig EVAH). To support that FFA production in hypoxia,

mice, while this was absent in PPARa
is due to lipolysis, we investigated the weight of iWAT in C57BL/6J and ADX mice and found
significant decrease in C57BL/6) mice while in ADX mice, although their iWAT weight was already
lower compared to C57BL/6J control mice, no effect was observed (Fig 6K). In conclusion, hypoxia
leads to the activation of the HPA axis, which activates GR in the liver, hypothalamus and iWAT. In

the latter, hypoxia has GR dimer regulated stress effects as well as lipolytic effects, causing FFA

release, and hepatic PPARa activation and KB production.

GR shows attenuated anti-inflammatory capacity under hypoxic conditions
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As we have demonstrated that liver GR is less responsive to DEX in hypoxia (Fig 2) and hypoxia
activates the HPA axis, leading to higher GC production (Fig 4), we studied if hypoxia attenuates the
anti-inflammatory actions of DEX and if DEX is still able to protect against LPS-induced lethal
endotoxic shock (Fig 7, Fig EV5). Nfkbia, Duspl and others such as Fam107a, Tsc22d3, Vdr and
Serpina3c were significantly upregulated by DEX in normoxia, however less induced by DEX in
hypoxia. Also, genes with known pro-inflammatory capacities are repressed by DEX in normoxia, but
are repressed to lesser extent by DEX in hypoxia (Fig EV5). These effects are most pronounced in the
liver 24h after hypoxia (Fig EV5B) and are less clear after 6h (Fig EV5A). We measured the expression
levels of Duspl and Nfkbia via RT-qPCR and found that they can no longer be induced by DEX 24h
after hypoxia in the liver, lung, kidney and spleen (Fig 7A). We then studied whether DEX-induced
protection against LPS-induced endotoxemia (Dejager et al, 2010; Kleiman et al, 2012), a very well-
known acute lethal inflammation model, is different in hypoxia compared to normoxia. First, we
compared the LPS sensitivity of mice kept for 24h in hypoxia or normoxia by increasing the dose of
i.p. injected LPS (2.5 mg/kg, 5 mg/kg and 14.5 mg/kg LPS) and recording lethal response. Mice in
hypoxia displayed a higher sensitivity to LPS (Fig 7B). In order to confirm that the LD,gy LPS dose in
normoxia and hypoxia is comparable in terms of organ damage, parameters (lactate dehydrogenase
(LDH), aspartate transaminase (AST), creatine kinase, urea) were measured in the plasma of mice 6h
after LPS injection. The increase of LDH, AST, creatine kinase and urea was similar in the plasma of
mice in normoxia and hypoxia in LPS-induced endotoxemia (Fig 7C). It is known that LPS causes fast
activation of the HPA axis leading to increased GC levels and repression of the pro-inflammatory
response of LPS (Beishuizen & Thijs, 2003). Since hypoxia induces chronic GC production, and since
we hypothesize that the anti-inflammatory function of GCs is compromised, GC levels were
measured in the plasma of mice in normoxia and hypoxia 2h after LPS injection. In normoxia, LPS
causes a significant increase in GC levels while in mice in hypoxia, no further increase could be
observed when LPS is injected (Fig 7D). Next, the effect of LPS on the expression of genes with a
known anti-inflammatory function was measured via RT-gPCR and these genes (Fam107a, Duspl,
Tsc22d3, Vdr and Serpina3c) were significantly induced after LPS injection in normoxia, but no
difference in gene expression was detected in hypoxic conditions (Fig 7E). Furthermore, the
expression of these genes was significantly increased in ADX mice by DEX stimulation (Fig 7F) in
normoxia as well as in hypoxia, indicating that the chronic GC production, via the activation of the
HPA axis by hypoxia, might be responsible for a reduced anti-inflammatory induction by LPS or by

injection of DEX.

C57BL/6J mice were treated with DEX (10 mg/kg) or PBS after 24h normoxia or hypoxia, followed 1h

later by a single lethal LPS dose (normoxia 14.5 mg/kg LPS, hypoxia 5 mg/kg LPS). In normoxia, DEX
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was found to protect mice against LPS-induced lethality, while no DEX protection was observed in
mice under hypoxic conditions (Fig 7G). Also, a clear DEX effect was detected on organ damage
parameters 24h after LPS injection in normoxia (Fig EV5D), but not in hypoxia (Fig EV5E). It is known
that GCs are important in preserving glucose levels during inflammatory conditions such as sepsis,
since glucose is the primary energy source of the brain and it is important to maintain the maximal
brain function upon inflammation (Kuo et al/, 2015; Van Wyngene et al, 2018; Vandewalle & Libert,
2020). Based on our results, hypoxia activates the HPA axis thereby increasing GC levels, which are
not further increased upon an inflammatory stimulus such as LPS (Fig 7D). To investigate whether the
activation of the HPA axis and increased GC levels in hypoxia have an influence on the glucose levels
during inflammation, we performed an experiment in which female C57BL/6J mice were put in
normoxia or hypoxia for 24h followed by an intraperitoneal injection with PBS or DEX (10 mg/kg). 1h
later, these mice were injected intraperitoneally with 14.5 mg/kg LPS (normoxia) or 5 mg/kg
(hypoxia). As expected, blood glucose levels were decreased 24h after LPS-induced endotoxemia in
normoxia, DEX was not able to increase this (Fig EV5F). Similar results were obtained when mice
were in hypoxic conditions (Fig EV5G), thereby indicating that the activation of the HPA axis and
increased GC levels do not alter the glucose response to inflammation. To confirm that chronic GC
production is responsible for the lack of DEX protection in hypoxia, we investigated whether DEX
remained able to protect against a lethal LPS dose (0.05 mg/kg LPS) in ADX mice in hypoxia. First,
LD1go LPS was checked in ADX mice both in normoxia and hypoxia. No difference in LPS sensitivity
could be observed (Fig EV5C). In ADX mice, DEX was still able to induce a significant protection
against a lethal LPS dose, independent of the O, concentration in which the ADX mice were kept (Fig
7H). In conclusion, the anti-inflammatory function of DEX is compromised under hypoxic conditions.
The activation of the HPA axis followed by a chronic GC production by hypoxia might be responsible

for this compromised function of DEX.
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Discussion

The cellular responses to stress and inflammation are tightly regulated by the GC-induced and
hypoxia-induced transcriptional responses. Several in vitro and in vivo studies using zebrafish larvae
have illustrated the presence of a crosstalk between HIF and GR (Vanderhaeghen et al, 2021; Vettori
et al, 2017; Marchi et al, 2020). Although these papers are very valuable, more convincing data is
necessary to understand the impact of hypoxia on GR in a pathophysiological context in vivo.
Therefore, we have investigated the in vivo impact of hypoxia on GR function in mice by genome-
wide transcriptional analysis in liver and by means of deep hypoxia. During these experiments mice
have been put under extreme hypoxic conditions [we applied 7% O, based on previous studies
(Bruder et al, 2008; Wang et al, 2012b)], however no mortality was detected after 6h or 24h hypoxia.
Hypoxia stabilizes hypothalamic HIFla and HIF2a and causes a complete, strong activation of the
HPA axis and chronic production of GCs by the adrenals. As it is difficult to obtain blood from mice in
a non-stressed manner (Kim et al, 2018), the GC levels observed in normoxia might be potentially
stress levels. In the absence of GC production via adrenalectomy, the negative feedback signal is
removed thereby increasing CRH and ACTH levels (Dallman et al, 1987, 1994). The importance of the
HPA axis activation and GC production regarding the stress GRE response was confirmed in ADX mice
upon hypoxia. As expected, basal Crh mRNA levels were increased in ADX mice, hypoxia tended to
increase the Crh mRNA levels in ADX mice although not significant and to similar extent as C57BL/6J
mice. The effect of reduced GC production was also clear on the expression levels of the stress GRE
genes. In GR deficient zebrafish larvae, the reduced GC production also affects HIF activity in general
(Marchi et al, 2020). We have observed a significant reduction in the fold induction of HIF target gene
expression levels in ADX mice upon hypoxia, suggesting that GCs also influences the expression of HIF
target genes. Further research is needed to determine the details of the contribution of HIF1a and/or
HIF2a in the activation of the HPA axis upon hypoxia and the GC/GR stress response, and how GC/GR

regulate these HIF effects.

Since the activation of the HPA axis is an essential component of how GR is engaged to a more
metabolic program during hypoxia, we have studied this in more detail. Our data suggest that
hypoxia (i) activates several GRE genes by means of HPA axis activation and GC production, (ii) causes
DEX to induce genes that are not induced by DEX in normoxia in which hypoxia and DEX exert a
synergistic effect, and (iii) strongly reduces the effect of DEX on canonical DEX-induced genes in the
liver. Based on RT-gqPCR analysis in ADX mice, this last effect appears to be due to the HPA axis
activation, although we do not have RNA-seq data of ADX mice in normoxia and hypoxia combined

with DEX stimulation. Furthermore, the effects of hypoxia on the gene expression patterns are
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independent on the presence of HIFla and HIF2a in the liver. The mechanisms of action of GCs
include binding of GC to the cytoplasmic GR, GR translocation to the nucleus, followed by DNA
binding and regulation of gene expression (Timmermans et al, 2019). In our study, we found that
hypoxia had no significant effects on Nr3c1 mRNA levels. Although it has been shown that increased
GC levels can reduce GR protein levels, a phenomenon called homologous downregulation (Dong et
al, 1988; Bellingham et al, 1992), liver GR protein levels were not decreased in hypoxic conditions. GR
homologous downregulation is proposed as one of the mechanisms causing GCR (Van Bogaert et al,
2011; Dendoncker et al, 2019), however GR is still active in hypoxic conditions, but its priorities are
clearly altered. The reprogramming of GR induced during hypoxia is, in part, regulated by differences
in the GR DNA-binding profiles. Based on ChlIP-seq analysis, we found that (i) the induction of stress
GRE genes by hypoxia can be linked with increases in GR DNA-binding, (ii) the DEX responsive genes
in hypoxia which are not induced by DEX in normoxia are associated with a higher coverage of GR
DNA-binding peaks after DEX in hypoxia compared to PBS, however the overall peak coverage is still
lower in comparison to DEX stimulation in normoxia, and (iii) the strongly reduced DEX effect on
canonical DEX-induced genes by hypoxia can be correlated with reduced GR DNA-binding after DEX
stimulation in the liver. We were not able to find evidence for a direct interaction between GR and
HIF, which is in line with the results of Yang et al. They also found that hypoxia depletes GR target
genes involved in inflammatory responses and that hypoxia increases the expression of genes
involved in O, regulation (Yang et al, 2020), which we can confirm based on our RNA-seq data.
Alterations in GR DNA-binding are thus partly responsible for the changes in DEX response in

hypoxia.

Next to alterations in the GR DNA-binding profiles, hypoxia can also induce changes in the chromatin
structure via histone methylation, acetylation and DNA methylation (Batie et al, 2018). Histone
acetylation is correlated with transcriptional activation, independent of the acetylation site.
Acetylation of histone H3 on lysine 27 (H3K27ac) is the most studied histone acetylation and is
known as a marker for active enhancers (Calo & Wysocka, 2013). Recently, Yang et al. (2020) have
identified a differential acetylation of H3K27 in response to DEX in hypoxia. These changes in GR
activation chromatin state might also be responsible for changes in the GR recruitment to DNA (Yang
et al, 2020). The p300 co-activator is also known as a powerful mediator of GR transactivation and
brings histone acetylation enzymatic activity to the GR bound sites (Guo et al, 2017; Dendoncker et
al, 2019). More than half of the GR DNA-binding site have shown enrichment of the p300 co-
activator and thus an active histone mark (Yang et al, 2020), indicating that competition between GR
and HIF for the p300 co-activator might also be responsible for the alterations in the gene expression

profile. Finally, hypoxia drives the expression of both miRNA 103 and 107, which causes a decreased
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expression of its known target KLF4 followed by the inhibition of GR co-modulators such as CARM1,
NCOA2 (Chen et al, 2012; Yang et al, 2020). Further investigation will be necessary to determine
whether posttranslational modifications such as histone acetylation contribute to the GR response
during hypoxic conditions and/or whether the induction of miRNAs are involved in the altered GR

DNA-binding and transcriptomics profile upon hypoxia.

As mentioned, endogenous GCs promote lipolysis under a normal, basal physiologic state via the
induction of lipase activity in the adipose tissue of mice (de Guia & Herzig, 2015). The mode of action
of GR is thought to be (i) via gene induction of the Angiopoietin Like 4 gene (Angpt/4) (ii) as well as by
inhibition of the phosphodiesterase 3 gene (Enpp3 gene), both leading to increased phosphorylation
and activation of hormone sensitive lipase by PKA, but also via (iii) increased gene expression of the
Adipose Tissue Triacylglycerol lipase-coding gene (Pnpla2) (Wang et al, 2012a). In hypoxia, the
production of GCs is dependent on the adrenals, since GC levels are significantly lower in the plasma
of ADX mice. Of note, an important remark in the use of ADX mice is the fact that not only GCs, but
also catecholamines like epinephrine and norepinephrine are no longer produced by the adrenal
medulla (Kanczkowski et al, 2016). Since hypoxia-induced FFA release is also blocked by RU486, it is
clear, however, that this hypoxia effect is a GR effect and not a catecholamine response. The fact
that GRY™9™ mice still respond to hypoxia by increased FFA levels argues for a requirement of intact
GR dimerization in this regard in WAT. The stress GRE response is also induced in the iWAT and is

intact GR dimerization-dependent, showing that the GR reprogramming is also present in this tissue.

In Peruvian populations living at high altitude, a unique dyslipidemia pattern with high frequency of
triglyceride levels have been observed (Gonzales & Tapia, 2013). Since FFAs are endogenous ligands
of PPARa (Wang et al, 2020), the effect of hypoxia on B-oxidation was further investigated. We reveal
that hypoxia increases plasma FFA levels and PPARa-mediated B-oxidation followed by enhanced KB
production (ketogenesis). Upon fasting, PPARa full knock-out mice fail to induce mitochondrial and
peroxisomal fatty acid oxidation genes (Lee & Gonzalez, 1996), which leads to increased levels of
plasma and hepatic fatty acids, hypoketonemia and hypothermia (Leone et al, 1999; Kersten et al,
1999). In PPARa""® mice, plasma FFA levels were higher during basal conditions. Although we

expected an increase of FFAs upon hypoxia in PPARa*"*°

mice, no significant differences were
observed in the plasma of these mice. This might be associated with an increased fatty acid uptake
and lipid accumulation in the liver (Kersten et al, 1999; Yasuhara et al, 1991). Since the production of
KBs is also dependent on intact GR dimerization, a close interaction between GR and PPARa during
ketogenesis in hypoxia appears essential. GR-PPARa physical interaction during ketogenesis in

starvation has already been shown in vitro by Ratman et al. (Ratman et al, 2016). Furthermore,

PPARa agonists are able to inhibit the expression of GC-responsive GRE-driven genes in a PPARa
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dependent manner (Bougarne et al, 2009). Also, the anti-inflammatory activity of DEX is lower in
PPARa knock-out mice compared to wild-type littermates (Cuzzocrea et al, 2008), corroborating the
crosstalk between PPARa and GR. We also evaluated whether DEX itself is sufficient to induce PPARa
mediated fatty acid oxidation pathways. However, no effect of DEX on the expression levels of genes

involved in B-oxidation was detected.

Several studies have investigated the function of HIF1a and HIF2a in lipid metabolism. Although we
did not observe an increase in lipid biosynthesis, Li et al. showed that HIFla upregulates lipid
biosynthesis in the liver by stimulating sterol regulatory element binding protein (SREBP)-1 activity
via SREBP cleavage-activating protein (SCAP) during intermittent hypoxia (Li et al, 2006). However, a
protective role for HIF1a in the development of alcoholic fatty liver is proven by Nishiyama et al. The
absence of HIFla in the liver leads to increased lipid biosynthesis and steatosis (Nishiyama et al,
2012). Although we observed an increase in B-oxidation during hypoxia, Liu et al. found that
inhibition of the HIF1la or HIF2a in the liver attenuates hypoxia-reduced FFA B-oxidation leading to
improved hepatic fat metabolism. However, a dominant role for HIFla in the decrease in B-oxidation
is stated by Belanger et al. (Belanger et al, 2007), while Rankin et al. suggest an important role for
HIF2a in attenuating B-oxidation (Rankin et al, 2009). We also detected higher KB levels in hypoxia
and their dependency on the intact GR dimerization. The absence of HIF1B in mouse livers leads to
decreased KB levels, suggesting a role for HIF1a and/or HIF2a in ketogenesis (Wang et al, 2009).
Further investigation will be necessary to uncover the exact role of HIF1a and/or HIF2a and their link

with PPARa in lipid metabolism and ketogenesis during hypoxia.

Hypoxia and inflammation are two closely linked phenomena in many pathological processes such as
critical illness, sepsis and inflammatory bowel diseases (IBDs). Critically ill patients often experience
systemic inflammation in combination with hypoxia. Kiers et al. (2018) found that mice, exposed to
9% 0O, 1h before systemic inflammation, display an attenuated inflammatory cytokine response (Kiers
et al, 2018). This is in contrast with the results obtained in our study where prolonged hypoxia (24h,
7% 0,) causes an increased sensitivity to a lethal LPS-induced endotoxemia. Hypoxia is also present in
tumours and is recognized as an important deleterious factor in cancer therapies. In tumours,
enhanced angiogenesis is present, however O, levels are significantly lower ranging from 0.3 — 4.2%
0O, (McKeown, 2014). In acute inflammation under normal O, concentrations, when mice are injected
with tumour necrosis factor (TNF) or LPS, endogenous GCs are important protective molecules
against this SIRS (De Bosscher et al, 2016). They are well known for their anti-inflammatory
properties, primarily by counteracting the production of pro-inflammatory cytokines, such as IL-18,
IL-6, and IFNB (De Bosscher et al, 2003; Libert et al, 1990, 1991). Adrenalectomy causes a clear

sensitization of mice to acute lethal SIRS induced by LPS (Dejager et al, 2010), illustrating that LPS
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causes HPA axis activation and GC production (Beishuizen & Thijs, 2003), thereby inducing the
expression of genes with anti-inflammatory functions in a negative feedback mechanism. We found
that the LPS sensitivity in ADX mice is not altered in the presence of low O, concentrations, and DEX
can still protect these mice. The chronic GC production by hypoxia is thus responsible for the
increased sensitivity for LPS and for the lack of DEX protection, since genes with anti-inflammatory
functions can no longer be upregulated by LPS, because no additional GCs can be induced.
Previously, we have shown that in acute, lethal inflammation like septic shock, a functional decline of
GR is observed, called GCR (Van Bogaert et al, 2011; Dendoncker et al, 2019). Despite GR is still
functional in a condition of pure, deep hypoxia, it seems that the anti-inflammatory priority of GR has
changed to a more metabolic function. Since GR DNA-binding is required for its anti-inflammatory
function (Escoter-Torres et al, 2020; Uhlenhaut et al, 2013), the altered DEX response and the
changes in the anti-inflammatory profile of GR in hypoxia could be correlated with the differences in
the GR DNA-binding profile after DEX stimulation, when mice are in hypoxic conditions. The use of
GCs attenuates the pro- and anti-inflammatory responses present during sepsis. The first large scale
clinical trials considering the use of GCs in sepsis patients involved high doses of GCs in the
management of septic shock. Bolus injection of GCs significantly reduced the mortality rates (Minneci
et al, 2009). However, more recent clinical trials recommend the use of a supraphysiological dose of
hydrocortisone (200-300 mg/day)(Annane et al, 2002). In contrast to the supraphysiological dose of
GCs, we used a rather high dose of DEX (10 mg/kg) because this concentration protects
prophylactically against a lethal LPS-induced endotoxemia (Van Looveren et al, 2020) and we wanted
to investigate the effect of hypoxia on the pro- and anti-inflammatory functioning of the GR.
However, we have to take into account that other nuclear receptors such as the pregnane X receptor

(PXR) might also be activated when using such a high dose of DEX (Pavek, 2016).

Since inflammation is able to induce the stabilization and activation of HIF (Cummins et al, 2016), it
would be of great interest to know whether HIF might play a role in the GCR during sepsis. The
protective effects of exogenous GCs like DEX against LPS-induced endotoxemia are frequently
associated with the inhibition of TNF production in white blood cells, such as macrophages
(Bhattacharyya et al, 2007; Kleiman et al, 2012; Van Looveren et al, 2020). Nevertheless, hepatic GR
is also crucial for the GC homeostasis and the protection against SIRS and sepsis (Van Bogaert et al,
2011; Jenniskens et al, 2018). When ascending to high altitude, factors like immunomodulation,
hypoxia, environmental stressors and physiologic adaptations may lead to increased susceptibility to
pathogens (Basnyat & Starling, 2015). The most common syndrome starting within a few hours of
ascent is acute mountain sickness (AMS). It is generally associated with headache, nausea, vomiting,

anorexia, lassitude and sleep disturbances (Taylor, 2011). Several studies have shown that
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prophylactic treatment of humans with synthetic GCs like DEX (Rock et al, 1989; Basu et al, 2002a;
Kitsteiner et al, 2011), prednisolone (Basu et al, 2002b) or budesonide (Berger et al, 2017; Zhu et al,
2020; Zheng et al, 2014) prevent the development of AMS or reduce its symptoms. In contrast, our
study shows that a few hours after hypoxia, the anti-inflammatory GR response to DEX is strongly
reduced compared to normoxia, probably due to the change in more metabolic priorities of the GR.
We could speculate that DEX will first influence the metabolic functions of GR during hypoxia, while
the anti-inflammatory functions are less important. When people are pre-treated with an exogenous
GC like DEX before ascending to high altitude, the main anti-inflammatory function of GR is not
altered and will be able to prevent the development of AMS. In this regard, the actual outcome of
the interplay between GR and hypoxia may depend on a “first come’ principle. However, it would be
of great interest to identify the effect of less severe hypoxia on the GR function, if the GC/GR
response would be different. Also adaptation to long-term hypoxia could alter the metabolic and

inflammatory effects linked to GR we observe during acute, deep hypoxia.

In summary, hypoxia activates the HPA axis, leading to GC production by the adrenal glands. The
precise role of HIFla and/or HIF2a in this activation requires further investigation. GCs are
responsible for increased lipolysis and FFA levels in the bloodstream independent of intact GR
dimerization. FFAs induce PPARa activity in the liver, leading to the production of KBs, which is GR
dimerization-dependent. Next to GR-mediated metabolic changes, hypoxia sensitizes mice to LPS-
induced endotoxemia which is caused by the HPA axis activation and GC production. Furthermore,
DEX is no longer able to protect mice against LPS-induced lethal shock and is probably linked with the
changes in the GR DNA-binding profile in hypoxia. Our data unfold new physiological pathways that
may have consequences for patients suffering from GCR, when ascending to high altitudes or when

hypoxia is present in critically ill patients.
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Materials and Methods

Mice. Female C57BL/6J mice as well as bilaterally adrenalectomized (ADX) C57BL/6J mice were
purchased from Janvier (Le Genest-St. Isle, France). ADX mice were ordered at the age of 7 weeks
and bilateral adrenalectomy was performed two weeks before delivery. HIF1d™, HIF2a™" (provided
by Dr. Ben Wielockx) and PPARG™ (provided by Prof. Dr. Karolien De Bosscher) were crossed with
Albumin Cre transgenic mice, and the offspring was intercrossed to generate HIF1a™" Albumin cre™*
(HIF1a*™*), HIF2d™" Albumin Cre™” (HIF2a*"*°), HIF1aHIF2d™" Albumin Cre™* (HIF1aHIF2a*°) and
PPARG™" Albumin Cre™* (PPARa"*°) mice, all in a C57BL/6J background. GR™9™ mice were
generated by Reichardt et al. (1998) (Reichardt et al, 1998) and kept on a FVB/N background

dim/wt mice were

(generously provided by Dr. Jan Tuckermann, Ulm, Germany). Heterozygous GR
intercrossed to generate GR*/** and GR*™“™ homozygous mutant mice. All offspring was genotyped
by PCR on genomic DNA isolated from toe biopsies. Mice were housed in a temperature-controlled,
specific pathogen free (SPF) air-conditioned animal house with 14 and 10h light/dark cycles and
received food and water ad libitum. The drinking water of ADX mice was supplemented with 0.9%
NaCl. All mice were used at the age of 8 — 12 weeks, and all experiments were approved by the

institutional ethics committee for animal welfare of the Faculty of Sciences, Ghent University,

Belgium.

Reagents. LPS from Salmonella abortus equi was purchased from Sigma-Aldrich N.V. (L-5886). For in
vivo DEX injection, Rapidexon (Medini N.V.) was used. LPS and DEX were diluted in pyrogen-free
phosphate buffered saline (PBS). RU486 (Mifepristone, Sigma-Aldrich N.V.), a GR antagonist, was
diluted in DMSO. Luciferin (XenoLight™ D-Luciferin - K+ Salt) was purchased from Caliper Life

Sciences.

Injections and sampling. All injections were given intraperitoneally (i.p.), except for the
hydrodynamic intravenous (i.v.) tail injection of the DNA plasmid. Injection volumes were always
adapted to the bodyweight of the mice. In lethality experiments, mice were monitored by monitoring
rectal body temperature. Mice with body temperature below 28°C were euthanized using cervical
dislocation. Blood was taken via cardiac puncture after sedation of the mice with a ketamine/xylazine
solution (Sigma-Aldrich N.V.) or via retro-orbital eye bleeding after sedation with isoflurane. To
obtain mouse plasma, samples blood was collected in EDTA-coated tubes, and samples were
centrifuged at 3,000 rpm for 15 minutes at 4°C. Plasma samples were stored at -80°C for
metabolomics analysis or at -20°C for biochemical analysis. For sampling of liver and white adipose

tissue, mice were killed by cervical dislocation at indicated time points.
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Hypoxia treatment. Mice were randomly assigned to the normoxia group and hypoxia group. The
normoxia group was exposed to room air (21% 0,), whereas the hypoxia group was placed in a
ventilated hypoxic chamber with 7% O, and 93% N, for the indicated time points. The oxygen levels

were monitored with a Greisinger GOX 100 oxygen sensor (Conrad).

Detection of HIF activity. Mice were injected in the tail vein over five seconds with a HRE-luciferase
reporter plasmid solution (Addgene, #26731; 10 ug/ml in sterile, endotoxin-free PBS) or PBS (control)
in a volume equivalent to 10% of the body weight, as described by Van Bogaert et al. (2011) (Van
Bogaert et al, 2011). The HRE-luciferase plasmid contains three hypoxia response elements (24-mers,
TGTCACGTCCTGCACGACTCTAGT) from the Pgkl gene upstream of firefly luciferase. Five hours after
transfection (HRE-Luc Oh), mice were placed in normoxic or hypoxic conditions, and visualized after
indicated time points. Briefly, mice were injected with 200 pl of a 15 mg/ml potassium salt luciferin
solution. 10 minutes after injection, livers were isolated and visualized via the imaging chamber of
the IVIS Spectrum In Vivo Imaging System (Caliper Life Sciences). Photon emission was integrated
over a period of 2 minutes and recorded as pseudo-colour images. Living Image (Caliper Life
Sciences) was used for image analysis. The regions of interest (ROI, red circles) were selected based
on the luciferase signal (purple) detected over all images. To confirm the specificity of the technique
used for the injection of the HRE-luciferase reporter plasmid, liver and other organs were also
visualised (Fig 1B; PBS, HRE-Luc N, HRE-Luc H 1h, HRE-Luc H 2h). For the PBS injected mice and mice
injected with the HRE-luciferase plasmid in normoxia, only 1 picture is shown representing the
luciferase signal at the different time points when mice were put in normoxia or hypoxia. Data were
acquired as photons/cm?/s and results are normalized to the PBS control group. N = normoxia, H =

hypoxia.

Food intake experiment. To determine whether hypoxia has an influence on the food intake during
hypoxia, C57BL/6J or ADX mice were placed in normoxia or hypoxia for 24h with access to a limited
amount of food. The food was weighed at the start of the experiment, and 2h, 6h and 24h after the
start of the experiment. Alternating experiments were performed with C57BL/6) and ADX mice in
normoxia and hypoxia with 4-5 mice per group. The amount of food eaten during the experiment
was calculated and divided by the amount of mice present per group to calculate the average
amount of food (in grams) each mouse had eaten over 24h. The experiment with C57BL/6J or ADX

mice was performed in triplicate.
RNA sequencing.

Liver
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Total RNA was isolated with Aurum total RNA mini kit (Biorad) according to the manufacturer’s
instructions. RNA concentration was measured, and RNA quality was checked with the Agilent RNA
6000 Pico Kit (Agilent Technologies). The 6h library was constructed using the TruSeq Stranded mRNA
Library Prep kit (lllumina) according to the manufacturer’s instructions and sequenced paired-end on
an lllumina NextSeq500 instrument. The 24h library was constructed using a Stranded NextSeq high
output mRNA Library Prep kit (2x150p) according to the manufacturer’s instructions and sequenced
single-end on an lllumina NextSeq500 instrument. The data were quality checked and pre-processed
(Nlumina adapter removal) with Trimmomatic v 0.39 (Bolger et al, 2014). Reads were mapped to the
mouse (mm10) reference genome using known splice junctions from the Ensemble 95 version of the
annotation with HISAT2 (Kim et al, 2019). Gene level reads counts were obtained with featureCounts
(Liao et al, 2014) and differential expressed genes were found by the DESeq2 R package (Love et al,
2014) with the false discovery rate (FDR) set at 5%. Motif finding for multiple motifs or de novo motif
finding was performed using the HOMER software. We used the promoter region (start offset: -1 kb,
end offset: 50 bp downstream of transcription start site (TSS)) to search for known motif enrichment
and de novo motifs (Heinz et al, 2010). Visualizations were made using the R software. Gene ontology

(GO) term enrichment on selected gene groups was performed via the Enrichr tool (Chen et al, 2013).
Hypothalamus

Total RNA was isolated with Aurum total RNA mini kit (Biorad) according to the manufacturer’s
instructions. RNA concentration was measured, and RNA quality was checked with the Agilent RNA
6000 Pico Kit (Agilent Technologies). The 2h library was constructed using the TruSeq Stranded mRNA
Library Prep kit (lllumina) according to the manufacturer’s instructions and sequenced paired-end on
an Illumina NextSeg500 instrument. The data were quality checked and pre-processed (lllumina
adapter removal) with Trimmomatic v 0.39 (Bolger et al, 2014). Reads were mapped to the mouse
(mm10) reference genome using known splice junctions from the Ensemble 95 version of the
annotation with HISAT2 (Kim et al, 2019). Gene level reads counts were obtained with featureCounts
(Liao et al, 2014) and differential expressed genes were found by the DESeq2 R package (Love et al,
2014) with the false discovery rate (FDR) set at 5%. %. Motif finding for multiple motifs or de novo
motif finding was performed using the HOMER software. We used the promoter region (start offset:
-1 kb, end offset: 50 bp downstream of TSS) to search for known motif enrichment and de novo
motifs (Heinz et al, 2010). Visualizations were made using the R software. Gene ontology (GO) term

enrichment on selected gene groups was performed via the Enrichr tool (Chen et al, 2013).

Real-time quantitative PCR. Liver was isolated and stored in RNA later (Life Technologies Europe),

and white adipose tissue was snap frozen and stored at -20°C before RNA was isolated. Total RNA
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was isolated with the Aurum total RNA mini kit (Biorad) according to manufaturer’s instructions. RNA
concentration was measured with the Nanodrop 8000 (Thermo Fisher Scientific), and 1000 ng RNA
was used to prepare cDNA with Sensifast cDNA Synthesis Kit (Bioline). cDNA was diluted 20 times in
ultrapure water for use in RT-PCR reactions. RT-PCR primers for used targets are listed in Table 2. RT-
PCR reaction was performed with sensiFast Sybr no-ROX mix (Bioline) and was performed in
duplicate in a Roche LightCycler480 system (Applied Biosystems). The stability of the housekeeping
genes (HKGs) were determined by Genorm. Results are given as relative expression values

normalized to the geometric mean of the HKGs, calculated in the gBase+ software (Biogazelle).

Metabolomics experiments. Plasma metabolites were extracted by adding 10 pL of plasma to 990 pL
of an 80% methanol (in water) extraction buffer containing 2 uM of deuterated (d27) myristic acid as
internal standard). Following extraction overnight at -80°C. Precipitated proteins and insolubilities
were removed by centrifugation at 20.000 x g for 20 minutes at 4°C. The supernatant was transferred
to the appropriate mass spectrometer vials. Measurements were performed using a Vanquish LC
System (Thermo Scientific) in-line connected to a Lumos Orbitrap mass spectrometer (Thermo
Scientific). 2 ul of sample was injected and concentrated on a Hilicon iHILIC-Fusion(P) SS precolumn
after which it was loaded onto a Hilicon iHILIC-Fusion(P) SS column SS (Achrom). A linear gradient
was carried out starting with 90% solvent A (LC-MS grade acetonitrile) and 10% solvent B (10 mM
ammoniumacetate pH 9.3). From 2 to 20 minutes the gradient changed to 80% B and was kept at
80% until 23 minutes. Next a decrease to 40% B was carried out to 25 minutes, further decreasing to
10% B at 27 minutes. Finally, 10% B was maintained until 35 minutes. The solvent was used at a flow
rate of 200 pl/min, the columns temperature was kept constant at 25°C. The mass spectrometer
operated in negative ion mode, settings of the HESI probe were as follows: sheath gas flow rate at
35, auxiliary gas flow rate at 14. Spray voltage was set at 2.9 kV, temperature of the capillary at 300°C
and S-lens RF level at 50. A full scan (resolution of 240.000 and scan range of m/z 70-750) was
applied. For the data analysis, we used Compound Discoverer 3.0 (Thermo Scientific) a software
platform for analysing metabolites. Identification of metabolites was done with in-house libraries as

well as with third party databases.

Endotoxemia experiments. 24h before LPS injections, mice were put under normoxic or hypoxic
conditions for 24h. Female C57BL/6J mice were injected i.p. with PBS or DEX (10 mg/kg) followed by
a lethal dose of LPS (LD 14.5 mg/kg in normoxia, 5 mg/kg in hypoxia) dissolved in sterile PBS to
induce endotoxin shock. Female ADX mice were injected i.p. with a lethal LPS dose of 0.05 mg/kg. For
survival experiments, rectal body temperature and lethality were monitored. For experiments aimed

to isolate blood and organ samples, mice were injected i.p. with LPS or PBS in control mice. For
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biochemical analysis, mice were euthanized via cervical dislocation at indicated time points and

plasma and organs were isolated.

Biochemical analysis. Analysis of mouse plasma aspartate aminotransferase (AST), alanine
aminotransferase (ALT), creatinine, troponin, creatine kinase (CK) and lactate dehydrogenase (LDH)
levels were kindly provided to us by the University Hospital of Ghent. Blood glucose and ketone body
levels were measured in tail blood with the use of OneTouch Verio glucose meter (LifeScan) and
Freestyle Precision Neo meter (Abbott), respectively. ACTH (Antibodies-online GmbH), corticosterone
(Tebu-Bio) and free fatty acid (Abnova) were measured in mouse plasma with the use of colorimetric

assays according to manufacturer’s instructions.
Western blot analysis.
Liver

For the detection of GR, total protein was isolated out of snap frozen liver with RIPA lysis buffer,
supplemented with protease inhibitor cocktail (Roche). Protein samples containing 50 pg of protein
was separated by electrophoresis on a 8% gradient SDS-polyacrylamide gel and transferred to
nitrocellulose filters (pore size 0,45 um). After blocking the membranes with a % dilution of Starting
Block/PBST 0.1% (Thermo Fisher Scientific) membranes were incubated overnight at 4°C with
primary antibodies against GRo/f (1:1000, G5, sc-393232; Santa Crugz,), and B-actin (1:5000; Life
Technologies Europe) as an internal control. Blots were washed with PBST 0.1% and then incubated
for 1h at room temperature with Amersham ECL anti-mouse antibody (1:2000, NA931, GE Healthcare
Life Sciences). Immunoreactive bands were visualized and quantified using an Amersham Imager 600

(GE Healthcare Life Sciences).
Hypothalamus

For western blot, hypothalamus tissue samples were lyzed for protein extraction using RIPA buffer
with inhibitors: PMSF, protease inhibitors, sodium orthovanadate (all from Chem cruz). The tissue
samples were lyzed under hypoxic conditions (3% 02) in the whitley hypoxia chamber. For lysis,
samples were incubated for 30 minutes on ice and with periodic vortexing followed by centrifugation
for removal of debris. The samples were aliquoted and then stored at -80°C until further processing.
The protein concentrations were measured using the Bicinchoninic acid assay (BCA) (Thermo
Fischer). 25 pg of protein from each sample was mixed with LDS sample buffer and 5%
mercaptoethanol and denaturation was performed at 99°C for 5 minutes. Following denaturation,
proteins were separated on a 4-12% Bis-Tris protein gels (Thermo Fisher) and transferred to the

membrane. The membranes were blocked with 5% Milk with TBST. After washing, the membranes
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were incubated with primary antibodies overnight at 4°C. The primary antibodies used were: HIF-1a
(Cayman chemical) or HIF-2a (Abcam), or later with Vinculin (Cell signalling) after stripping in 5% Milk
with TBST. After overnight incubation with primary antibodies, the membranes were washed
followed by incubated with secondary Rabbit IgG HRP (R&D systems) for 1h at room temperatures.
The membranes were then subjected to imaging using Fusion Fx (Peqlab, VWR). The quantifications

were performed using Fiji (ImagelJ distribution 1.52K).
Immunohistochemistry.
Liver

For the evaluation of the transfection efficiency of the HRE-luciferase reporter plasmid, excised liver
from PBS and HRE-Luc injected mice were fixed in 4% paraformaldehyde overnight at 4°C,
dehydrated and embedded in paraffin. Tissue sections of 5 um were cut. For the luciferase staining,
tissue sections were dewaxed, incubated with antigen retrieval buffer (1x citrate buffer pH6, Vector
H-3300) for 20 min at boiling temperature in a PickCell electric pressure cooker and cooled down.
Peroxidase blocking was done with 3% H,0, in methanol for 10 min. Blocking buffer (5% goat serum
in 1% bovine serum albumin (BSA) in PBS) was added to the slides for 30 min at room temperature.
Primary antibody against luciferase (MA1-16880, ThermoFisher Scientific) was diluted 1:1000 in 1%
BSA in PBS and incubated overnight at 4°C. Then, slides were incubated with the goat anti-mouse
secondary HRP antibody (MP-7452, Vector Laboratories, 1:5 in PBS) for 30 min. To signal of the
staining was increased via incubating the slides with the Tyramide Signal Amplification (TSA) kit (1:75,
Perkin Elmer) for 10 min, followed by 30 min incubation with ABC (PK-6100, Vector Laboratories).
Counterstaining was done with Hoechst reagent (Sigma-Aldrich NV, 1:1000 in PBS). Pictures were

taken with an Olympus BX51 Discussion Microscope.
Hypothalamus

For immunofluorescence staining of HIFla and HIF2a on hypothalamus samples, OCT embedded
hypothalamus tissue was cut into 7 um sections at -20°C using a cryotome and stored at -20°C until
further processing. For staining, the sections were dried for 20 minutes at room temperature. Fixed
with para-formaldehyde, washed with phosphate-buffered saline (PBS), and with PBS containing
0.1% Tween-20, blocked with 5% normal goat serum followed by primary antibody staining with
HIF1la (Cayman chemical) or HIF2a (Novus biologicals) for 3 days at 4°C and subsequent secondary
antibody staining. Slides were mounted in fluorescent mounting medium and stored at 4°C until
analysis. Fluorescent images were acquired on an ApoTome Il Colibri (Carl Zeiss, Jena, Germany),
scale bar (50 um). Images were analysed using either Zen software (Carl Zeiss, Jena, Germany) or Fiji

(Imagel distribution 1.52K).
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ChlIP-sequencing. ChlP-seq was used to investigate the GR DNA-binding in conditions of normoxia
and hypoxia using biological triplicates for all conditions, for a total of 18 analysed samples (3 N_PBS,
3 N_DEX, 3 H_PBS _6h, 3 H_DEX _6h, 3 H_PBS 24h and 3 H_DEX_24h) and input controls. All
conditions were processed in one run, which included the immunoprecipitation (IP) and sequencing.
Therefore, all comparisons listed in the manuscript are considered “within experiment” comparisons.
Snap frozen liver samples were derived from mice that were injected with PBS or 10 mg/kg DEX in
normoxic conditions and 6h or 24h after hypoxia. 200 mg of tissue was homogenized in PBS and then
crosslinked with 2% formaldehyde in PBS for 20 minutes at RT while rotating. This reaction was
stopped by adding 125 mM glycine for 10 minutes at RT. Tissue was then collected in ice-cold PBS
and subsequently lysed in lysis buffer (0.1% SDS, 1% Triton X-100, 0.15 M NaCl, 1 mM EDTA and 20
mM Tris pH8, supplemented with protease inhibitors). Lysates were sonicated at 4°C to yield 200-800
bp DNA fragments. IP was performed on 100 pl lysates diluted 1:3 in incubation buffer (0.15% SDS,
1% Triton X-100, 0.15 M NaCl, 1 mM EDTA and 20 mM HEPES) with 5 pg of rabbit anti-GR antibody
(H300, sc-8992; Santa Cruz) or normal rabbit IgG (10500C; Invitrogen) as negative control at 4°C
overnight. After 2h BSA blocked nProtein sepharose beads (GE Healthcare) were added to the
lysates. The following day, beads were washed in WBI, WBII, LiCl buffer and twice in EDTA/HEPES
buffer (0.5 M EDTA and 1 M HEPES). Chromatin was eluted in 200 ul elution buffer (0.1 M NaHCO3
and 10% SDS) supplemented with proteinase K. Next, proteins were decrosslinked by raising the
incubation temperature to 65°C for 16h and DNA purified using the PCR purification kit (Qiagen), and
eluting in 50 ul of Qiagen Elution Buffer. Fifteen ng of purified DNA was used to generate ChlIP-seq
libraries according to manufacturer’s protocol using NEBNext Ultra Il DNA Library Prep Kit (E7645L,
NEB). Libraries were single-end sequencing by lllumina NextSeq 500. The ChlIP-seq experiment was
performed in collaboration with the group of Jorma J. Palvimo (Finland), where the IP pulldown,
library preparation and sequencing were executed. Spike-in samples were not used based on their
experience and the fact that all samples were processed within one experiment. Samples were
normalized for sequencing depth, background signal and scaled to 1le7 reads per sample per
condition. These scaled data were used for all visualisations. The obtained reads were mapped to the
mm10 reference genome using the bwa software (bwa mem). Peak calling was done using HOMER
v4.11 (Heinz et al, 2010) requiring 4-fold enrichment over input and local background and at least 50
tags per peak. To increase our data reliability and counter variability, only bound regions found in all
3 replicates of a condition were considered in this work. Motif finding, annotation, visualisations and
detection of differentially bound regions was also done with HOMER (find motifs genome, annotate
peaks and find differential peak replicates). Peak region motif finding was done 1 kb upstream to 50

bp downstream of the TSS.
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Statistics. Data were expressed as means * standard errors of the means (SEM). Statistical
significance was evaluated with two-way unpaired Student’s t-test and one-way or two-way ANOVA
in GraphPad Prism 8.0 software (GraphPad Software, San Diego, CA). If applicable, one-way and two-
way ANOVA analysis were followed by post-hoc analysis to correct for multiple testing during the
pairwise multiple comparisons using the Tukey’s test or the Siddk’s multiple comparisons test for
one-way and two-way ANOVA, respectively. The results of the two-way ANOVA tests can be found in
Dataset EV3. Fold changes or ratios were log (Y) transformed before statistical analysis. Survival
curves were subjected to the Log-Rank (Mantel-Cox) test to investigate whether statistical
significance could be observed during different groups. The Pearson correlation coefficient (PCC) was

determined using the R statistics software and the correlation coefficient function.

Data availability. RNA-seq data: Gene expression. Deposited at the National Center for
Biotechnology Information Gene Expression Omnibus public database

(http://www.ncbi.nlm.nih.gov/geo/) under accession numbers GSE162100 and GSE162155 for RNA-

seq data 6h and 24h after hypoxia and DEX stimulation in liver, respectively, accession number
GSE162673 for RNA-seq data of hypothalamus samples (2h hypoxia). ChlP-seq data: accession
number GSE163242.
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Figure Legends

Figure 1. HIFs are activated in mouse liver during hypoxia.

(A-C) The effect of hypoxia was estimated in C57BL/6) mice (n=3) by an HRE-luciferase (HRE-luc)
reporter plasmid at indicated time points. All mice were injected according to body weight. (A)
Experimental set-up. (B) Imaging of luciferase activity (purple signal) in the liver of control mice and
mice under normoxic and hypoxic conditions at indicated time points. Red circles indicate the region
of interest selected for the measurement of the luciferase activity. (C) Bioluminescent photon counts
normalized to the PBS control group in liver of mice in normoxia and hypoxia at indicated time
points. P-values were calculated using one-way ANOVA followed by post-hoc Tukey’s test to correct

for multiple testing during the pairwise multiple comparisons.

(D, E) Imaging of luciferase activity in the liver of HIF1a""™° (D) and HIF2a"**° (E) mice after a
hydrodynamic tail vein injection with a HRE-luc reporter plasmid or control (PBS) according to body

weight followed by 6h normoxia or hypoxia.

AlbKO

(F, G) Bioluminescent photon counts normalized to the PBS control group in liver of (F) HIF1a and

(G) HIF2a""™*° mice and their wild-type littermates 6h after normoxia of hypoxia.

Data information: All bars represent mean + SEM. Each individual data point represent individual
mice. P-values were calculated using two-way ANOVA followed by post-hoc Sidak’s multiple
comparisons test to correct for multiple testing during the pairwise multiple comparisons, except if
otherwise stated. *** P<0.001; ** P< 0.01; * P< 0.05. N = normoxia, H = hypoxia. Signal around the

perimeter of the Petri dishes represent aspecific luciferase signal.
Figure 2. Hypoxia modifies the GR response to DEX.

(A) Female C57BL/6J mice were put in normoxia or hypoxia for 6h or 24h, injected i.p. with PBS or
DEX (10 mg/kg) and livers were isolated after 2h for genome-wide transcriptomics via RNA-seq. N=3

per group for a single RNA-seq.

(B) Venn diagram depicting the number of genes upregulated (up, LFC > 1 and P < 0.05) and
downregulation (dn, LFC < -1 and P < 0.05) by DEX in normoxia and hypoxia after 6h.

(C) Scatter plot showing log fold change (LFC) of all DEX-upregulated genes (LFC > 1 and P < 0.05) and
DEX-downregulated genes (LFC < -1 and P < 0.05) in normoxia vs hypoxia after 6h. The black line
represents the diagonal, and the red line represents the real slope + standard error of the data as

analysed by linear regression.
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(D) Venn diagram depicting the number of genes upregulated (up, LFC > 1 and P < 0.05) and
downregulation (dn, LFC < -1 and P £ 0.05) by DEX in normoxia and hypoxia after 24h.

(E) Scatter plot showing log fold change (LFC) of all DEX-upregulated genes (LFC > 1 and P < 0.05) and
DEX-downregulated genes (LFC < -1 and P < 0.05) in normoxia vs hypoxia after 24h. The black line
represents the diagonal, and the red line represents the real slope + standard error of the data as

analysed by linear regression.

(F, G) Examples of GR-responsive genes based on the RNA-seq data 6h (F) and 24h (G) after normoxia

or hypoxia and DEX stimulation.

(H and 1) ChlIP-seq on liver derived from mice which were subjected to hypoxia (6h and 24h),
followed by DEX (10 mg/kg) injection and 2h later sacrificed for liver isolation. (H) Box plots showing
the LFC of genes responsive to DEX in both normoxia or hypoxia (6h and 24h). The central band
represents the median. The box ranges from the first quartile (Q1) to the third quartile (Q3) which
represents the interquartile range (IQR = Q3 — Q1) and covers the central 50% of the data. The
whiskers illustrate the minimum (Q1 — 1.5*IQR) and maximum (Q3 + 1.5*IQR) of the data. Outliers
are shown as dots. N=3 biological replicates per condition. (I) Histogram with coverage per position
in a region 350 bp up- and downstream of the peaks found in normoxia and hypoxia after DEX

stimulation (N_DEX, HO6_DEX and H24_DEX).

Data information: All bars represent mean + SEM. N=3 per group. P-values were calculated using
two-way ANOVA followed by post-hoc Sidak’s multiple comparisons test to correct for multiple

testing during the pairwise multiple comparisons, except if otherwise stated. ***P<0.001, **P<0.01.
Figure 3. Induction of specific DEX responsive genes in hypoxia.

Female C57BL/6J mice were put in normoxia or hypoxia for 6h or 24h, injected i.p. with PBS or DEX
(10 mg/kg) and livers were isolated for genome-wide transcriptomics via RNA-seq. N=3 per group for

a single RNA-seq.

(A, B) Examples of DEX-responsive genes in hypoxia 6h (A) and 24h (B) which were not induced by

DEX in normoxia.

(C-E) ChlP-seq on liver derived from mice which were subjected to hypoxia (6h and 24h), followed by
DEX (10 mg/kg) injection and 2h later sacrificed for liver isolation. (C) Box plots showing the LFC of
genes responsive to DEX in hypoxia, but not in normoxia (6h and 24h). The central band represents
the median. The box ranges from Q1 to Q3 which represents the interquartile range (IQR = Q3 — Q1)

and covers the central 50% of the data. The whiskers illustrate the minimum (Q1 — 1.5*IQR) and
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maximum (Q3 + 1.5*IQR) of the data. Outliers are shown as dots. N=3 biological replicates per
condition. (D) Histogram showing the coverage per position in a region 350 bp up- and downstream
of the GR DNA-binding peaks found in hypoxia after PBS or DEX stimulation. (E) Examples of specific
GR DNA-binding peaks, associated with the DEX-induced gene SIc22a5 in hypoxia (6h and 24h).

(F) HIF1aHIF2a"™ and HIF1aHIF2a*™*° mice were put in hypoxia for 6h and stimulated with DEX.

Slc25a30 expression was measured in the liver via RT-qPCR. N=3 per group, one experiment.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the

pairwise multiple comparisons, except if otherwise stated. ***P<0.001, **P<0.01, *P<0.05.
Figure 4. Hypoxia causes activation of GR by HPA axis stimulation.

(A, B) The effect of hypoxia on the GR response to DEX stimulation was studied via RNA-seq, n=3 per
group. Venn diagram depicting the number of genes upregulated (up) or downregulated (dn) by DEX
in normoxia and by hypoxia after 6h (A) or 24h (B) (LFC > 1 or LFC < -1 and P < 0.05).

(C) Heatmap representing log, values of shared stress GRE genes (counts) induced by hypoxia 6h and

24h and induced by DEX in normoxia (LFC > 1 and P < 0.05).

(D-G) Female C57BL/6J and ADX mice were put in normoxia or hypoxia for 6h or 24h, n=6/group, two
independent experiments. (D, E) Confirmation of RNA-seq data via RT-qPCR [6h (D) or 24h (E)]. (F, G)
Plasma GC concentration [6h (F) or 24h (G)].

(H-J) Female C57BL/6J mice were put in normoxia or hypoxia for the indicated time points (2h, 6h
and 24h). (H) Hypothalamic Crh mRNA expression levels were determined via RT-qPCR. (I) ACTH
levels were measured in the plasma. N=3-5 per group, one experiment. P-values were analysed with
one-way ANOVA. (J) Plasma GC concentration, mice in normoxia are depicted as black circles, mice in

hypoxia are depicted as white squares. N=5-6 per group.

(K) Female C57BL/6J mice were put in normoxia or hypoxia for 6h and injected i.p. with 5 mg RU486
or vehicle (DMSOQ). Liver was isolated and stress GRE gene expression was measured via RT-qPCR.

N=5 per group, one experiment.

(L) Female WT and GRU™d™ mice were put in normoxia or hypoxia for 6h and liver was isolated.
Stress GRE gene expression was measured via RT-qPCR. N=5-9 per group, two independent

experiments.

(M) HIF1aHIF2a"™ and HIF1aHIF2a""° mice were put in hypoxia for 6h. Stress GRE genes were

measured in the liver via RT-gPCR. N=4 per group, one experiment.
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(N) Expression levels of DEX responsive genes in normoxia and unique DEX responsive genes induced
by hypoxia were measured in the liver of ADX mice after DEX stimulation during hypoxia (24h) via RT-

gPCR. N=3-4 per group, one experiment.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the
pairwise multiple comparisons, except if otherwise stated. ****P<0.0001, ***P<0.001, **P<0.01,

*P<0.05.

Figure 5: Involvement of hypothalamic HIFla and HIF2a in activation of the HPA axis during

hypoxia.

(A) Female C57BL/6J mice were put in normoxia or hypoxia for 2h, hypothalamus was isolated for
analyses. N=3-4 per group for a single RNA-seq. Heatmap represents genes upregulated by hypoxia

(2h) (LFC>0.3 and P £ 0.05).

(B) HOMER motif analysis of hypoxia-induced genes (start offset: -1 kb, end offset: 50 bp

downstream of TSS). Enriched motifs with their name and p-value are displayed.

(C) Female C57BL/6J mice were put in normoxia or hypoxia for the indicated time points.
Hypothalamus was isolated and stress GRE genes were measured via RT-gPCR. N=4-5 per group, one

experiment.

(D) HIFla and HIF2a protein levels were analysed via western blot using VINCULIN as a loading
control. HIF1a and HIF2a protein levels were quantified using FlJI and normalized to VINCULIN levels.
P-values were calculated using Mann-Whitney test. N=5 biological replicates per group. N =

normoxia, H = hypoxia.
(E) HIF1a and HIF2a expression was detected in hypothalamus samples via IHC, scale bar 50 um.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the

pairwise multiple comparisons, except if otherwise stated. ****P<0.0001, **P<0.01, *P<0.05.

Figure 6. Hypoxia causes white adipose tissue lipolysis leading to FFA and liver ketone body

production in a GR-dependent manner.

(A) Female C57BL/6J and ADX mice were put in normoxia and hypoxia for 6h and 24h. Plasma was
isolated for metabolomics analysis. The heatmap represents log,y of metabolites which are
significantly increased of the plasma of C57BL/6J mice (C57BL/6J P < 0.05 and ADX P > 0.05, LFC > 1),
significantly increased in the plasma of C57BL/6J and ADX mice (C57BL/6J P < 0.05 and ADX P < 0.05,
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LFC > 1), and significantly increased in the plasma of ADX mice only (C57BL/6J P > 0.05 and ADX P <
0.05, LFC > 1).

(B) Metabolomics analysis identifying the presence of FFAs in the plasma of C57BL/6J and ADX mice

6h after hypoxia. N=6 per group, two independent experiments.

(C) PPARa gene response in the liver of C57BL/6J mice 24h after hypoxia via RT-qPCR. N=6 per group,

two independent experiments.

(D-G) FFA levels and stress GRE genes were determined in the plasma and iWAT of female C57BL/6J
mice injected with 5 mg RU486 or vehicle (DMSO) (D, F), and in GR*™*™ mice and their wild-type

littermates (E, G) after 6h of normoxia and hypoxia. N=4-9 per group.

(H-J) Blood ketone body levels 6h after normoxia and hypoxia in female C57BL/6J and ADX mice (H),
in female C57BL/6J mice injected with 5 mg RU486 or vehicle (DMSO) (1), and in GRY™4M mice and

their wild-type littermates (J). N=5-9 per group.
(K) iWAT weight of C57BL/6J and ADX mice 6h after normoxia or hypoxia. N = 5-6 per group.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the
pairwise multiple comparisons, except if otherwise stated. ****P<0.0001, ***P<0.001, **P<0.01,

*P<0.05.
Figure 7. GR shows attenuated anti-inflammatory capacity under hypoxic conditions.

(A) Female C57BL/6J mice (n=3 per group) were put in normoxia or hypoxia for 24h, injected with
PBS or DEX (10 mg/kg) and 2h later, indicated organs were isolated and gene expression was

measured via RT-qPCR.

(B) LPS LDy, dose-response in female C57BL/6J mice injected with indicated LPS doses after 24h
hypoxia. During the follow-up of lethality, mice remained under hypoxic conditions. N-values are

indicated in the legend.

(C, D) Organ damage parameters (C) and GC levels (D) were determined in the plasma of female
C57BL/6J mice injected with 14.5 mg/kg LPS (normoxia) or 5 mg/kg LPS (hypoxia) 6h and 2h after LPS

injection, respectively. N=4-5 per group.

(E) Female C57BL/6J mice were injected with 14.5 mg/kg LPS (normoxia) or 5 mg/kg LPS (hypoxia)
after 24h normoxia or hypoxia. Liver was isolated 6h after injected and typical GRE genes were

measured via RT-qPCR. N=4-5 per group.
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(F) Female ADX mice were put in normoxia or hypoxia for 24h, injected i.p. with PBS or DEX (10

mg/kg) and 2h later, liver was isolated for RT-qPCR analyses of typical GRE genes. N=3-4 per group.

(G) Female C57BL/6J mice were injected with 14.5 mg/kg LPS (normoxia) or 5 mg/kg LPS (hypoxia)
after 24h normoxia or hypoxia, with or without pre-treatment with 10 mg/kg DEX 1h before LPS
injection. During the follow-up of lethality, mice remained under normoxic or hypoxic conditions.
Mice in normoxia: black circles (LPS), black squares (DEX-LPS); mice in hypoxia: white circles (LPS),

white squares (DEX-LPS).

(H) Female ADX mice were injected with 0.05 mg/kg LPS after 24h normoxia or hypoxia, , with or
without 10 mg/kg DEX pre-treatment 1h before LPS injection. During the follow-up of lethality, mice
remained under normoxic or hypoxic conditions. ADX mice in normoxia: black circles (LPS), black

squares (DEX-LPS); ADX mice in hypoxia: white circles (LPS), white squares (DEX-LPS).

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the
pairwise multiple comparisons, except if otherwise stated. Survival curves were analysed with

Fisher’s exact test. ****P<0.0001, ***P<0.001, **P<0.01, *P<0.05.

Expanded View Figure Legends

Figure EV1. Hypoxia modifies the GR response to DEX in the liver.

(A) Female C57BL/6J mice were put in normoxia or hypoxia for 6h and 24h, liver was isolated for
further analysis. GR protein levels were analysed via western blot using ACTIN as a loading control.
GR protein levels were quantified using FlJI and normalized to ACTIN levels. P-values were calculated

using one-way ANOVA. N=4 biological replicates per group.

(B) PCA plot visualizing the variance within samples per conditions based on the peaks found in the

ChIP-seq experiment after normalization and scaling of the data.

(C) Heatmap based on the GR DNA-binding peaks after normalization and scaling of the ChIP-seq
data found in normoxia after DEX stimulation compared to input samples of this group. Logy, of the

total area under the peak is shown.

(D, E) Examples of specific GR peaks, associated with the DEX-induced gene Fam107a (D) and Sgk1
(E) in normoxia and hypoxia (6h and 24h).
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(F) HIF1aHIF2a™" and HIF1aHIF2a*"*° mice were put in hypoxia for 6h and stimulated with DEX.

Hspala expression was measured in the liver via RT-qPCR. N=4 per group, one experiment.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the

pairwise multiple comparisons, except if otherwise stated. ***P<0.001, **P<0.01, *P<0.05.
Figure EV2. Hypoxia itself causes the induction of GR responsive genes.

(A,B) Female C57BL/6J mice were put in normoxia or hypoxia for 6h (A) or 24h (B), injected with PBS
or DEX (10 mg/kg) and 2h later, liver was isolated for analyses. N=3 per group for a single RNA-seq.
(A) Heatmap representing stress GRE genes induced by hypoxia (6h) and DEX in normoxia. Log,
values are shown of the counts of the stress GRE genes based on the RNA-seq data (LFC>1and P <
0.05). (B) Heatmap representing stress GRE genes induced by hypoxia (24h) and DEX in normoxia.
Log, values are shown of the counts of the stress GRE genes based on the RNA-seq data (LFC > 1 and

P <0.05).

(C,D) Females C57BL/6J and ADX mice were put in normoxia (N) and hypoxia (H, 6h and 24h) and the
expression of HIF target genes were evaluated in the liver via RT-qPCR. (C) Fold inductions (H/N) of
HIF target genes in C57BL/6J and ADX mice. (D) Examples of the expression levels of HIF target genes.
N=3 per group.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the

pairwise multiple comparisons, except if otherwise stated. ***P<0.001, **P<0.01, *P<0.05.
Figure EV3. Hypoxia causes activation of GR by HPA axis stimulation.

(A, B) Histogram showing the coverage per position in a region 350 bp up- and downstream of the

peaks found in normoxia after PBS or DEX stimulation and in hypoxia 6h (A) and 24h (B).

(C-F) Examples of specific GR peaks, associated with the DEX-induced and hypoxia induced genes
Cdkn1la (C), Mfsd2a (D), Ddit4 (E) and Igfbp1 (F) in normoxia with and without DEX stimulation and in
hypoxia (6h and 24h).

(G-1) Female C57BL/6J and ADX mice were put in normoxia and hypoxia (2h) and hypothalamus and
blood was collected. (G) Hypothalamic Crh mRNA levels measured via RT-gPCR. (H) Stress GRE gene

expression. (1) Plasma GC levels. N=3 per group.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA

followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the
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pairwise multiple comparisons, except if otherwise stated. ****P<0.0001, ***P<0.001, **P<0.01,

*P<0.05.

Figure EV4. Hypoxia causes white adipose tissue lipolysis leading to FFA and liver ketone body

production in a GR-dependent manner.

(A) Female C57BL/6J and ADX mice were put in normoxia and hypoxia for 6h. Plasma was isolated for
metabolomics analysis. The heatmap represents log;, of metabolites which are significantly increased
of the plasma of C57BL/6J mice (C57BL/6J P < 0.05 and ADX P > 0.05), significantly increased in the
plasma of C57BL/6J and ADX mice (C57BL/6J P < 0.05 and ADX P < 0.05), and significantly increased in
the plasma of ADX mice only (C57BL/6J P > 0.05 and ADX P < 0.05).

(B) Female C57BL/6J mice were put in normoxia and hypoxia for 6h and liver was isolated for
analyses. PPARa gene response in the liver of C57BL/6J mice 6h after hypoxia via RT-gPCR. N=6 per

group pooled from two independent experiments.

AlbKO

(C) PPARa gene response in the liver of PPARa mice and their wild-type littermates 24h after

hypoxia via RT-gPCR. N=5 per group, one experiment.

(D) Fold inductions (DEX/PBS) of Ppara and PPARa responsive genes in normoxia and hypoxia (6h and
24h) based on the RNA-seq mRNA counts. N=3 biological replicates for RNA-seq data. Fold inductions

of 22 genes are depicted.

(E) FFA levels in the plasma of PPARa™" and PPARa*"*° mice after 6h hypoxia. N=4-5 per group, one

experiment.

(F) Metabolomics analysis identifying the presence of acetoacetic acid in the plasma of C57BL/6J and

ADX mice 6h after hypoxia. N=6 per group, pooled from two independent experiments.

(G) The average food intake of C57BL/6J and ADX mice was measured after 24h normoxia or hypoxia.

Pooled data of 3 independent experiments.

(H) Blood ketone body levels 6h after normoxia and hypoxia in PPARa™" and PPARa***° mice. N = 5

per group, one experiment.

Data information: All bars represent mean + SEM. P-values were calculated using two-way ANOVA
followed by post-hoc Sidak’s multiple comparisons test to correct for multiple testing during the
pairwise multiple comparisons, except if otherwise stated. ****P<0.0001, ***P<0.001, **P<0.01,

*P<0.05.

Figure EV5. GR shows attenuated anti-inflammatory capacity under hypoxic conditions.
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Female C57BL/6J mice were put in normoxia or hypoxia for 6h, injected i.p. with PBS or DEX (10

mg/kg) and 2h later, liver was isolated for analyses. N=3 per group for a single RNA-seq.

(A,B) Heatmap representing the DEX effect on the expression of pro- and anti-inflammatory genes in
normoxia and hypoxia after 6h (A) and 24h (B). Log, values are shown of the counts of these genes
on the RNA-seq data. Genes with known pro-inflammatory function are categorized below the black

line, genes with known anti-inflammatory function are shown above the black line.

(C) LPS LD;gy dose-response was determined in female ADX mice injected with indicated LPS doses
after 24h hypoxia. During the follow-up of lethality, mice remained under hypoxic conditions. N-

values are indicated in the legend.

(D-G) Female C57BL/6J mice were put in normoxia (D, F) or hypoxia (E, G) for 24h, injected with PBS
or DEX (10 mg/kg) and 1h later injected with 14.5 mg/kg LPS (normoxia) or 5 mg/kg (hypoxia). Organ
damage parameters (D, E) were determined in the plasma of the mice 24h after LPS injection. N=11-

12 per group. Glucose levels (F, G) were measured via the tail vein. N=6 per group.

Data information: All bars represent mean + SEM. P-value were analysed with one-way ANOVA.
Survival curves were analysed with Fisher’'s exact test. ****P<0.0001, ***P<0.001, **P<0.01,

*P<0.05.
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Table 1. Enrichr pathway analysis based on genes induced by DEX in normoxia alone and

genes induced by DEX in both normoxia and hypoxia.

N_DEX only N_DEX_H_DEX
Name P-value Name P-value
Regulation of Cardiac 0.00729 p53 signaling WP2902 0.00048
Hypertrophy by miR-208
WP1526
MAPK signaling pathway 0.01072 Adipogenesis genes WP447 0.00089
WP493
Signal Transduction of S1P 0.01306 White fat cell differentiation  0.01170
Receptor WP57 WP2872
Irinotecan Pathway WP475 0.02059 Calcium Regulation in the 0.022662
Cardiac Cell WP553
Macrophage markers 0.02059 Myometrial Relaxation and 0.02691
WP2271 Contraction Pathways WP385
Gene regulatory network 0.02480 ErbB signaling pathway 0.03079
modelling somitogenesis WP1261
WP2852
Exercise-induced Circadian 0.02504 Notch Signaling Pathway 0.03079
Regulation WP544 WP29
IL-6 signaling Pathway 0.02555 Insulin Signaling WP65 0.03165
WP387
Neural Crest Differentiation 0.02784 MAPK signaling pathway 0.03165
WP2074 WP493
Adipogenesis genes WP447 0.03372 Apoptosis WP1254 0.03253

Wiki Pathways 2019 Mouse analysis of the 6h + 24h genes that are induced by DEX in normoxia only
(N_DEX) or in normoxia and hypoxia (N_DEX_H_DEX). Remark that GR pathways controlling
inflammation (in yellow) are lost when GR is induced in hypoxic conditions and are replaced by

metabolic pathways (in green).
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Table 2. Primer sequences used for RT-qPCR.

Gene Forward primer (5’-3') Reverse primer (5’-3')

Hprt AGTGTTGGATACAGGCCAGAC CGTGATTCAAATCCCTGAAGT
Rpl CCTGCTGCTCTCAAGGTT TGGTTGTCACTGCCTCGTACTT
Tbp GAAGCTGCGGTACAATTCCAG CCCCTTGTACCCTTCACCAAT
Fam107a CAGACCAGAGTACAGAGAGTGG GTGGTTCATAAGCAGCTCACG
Ddit4 CAAGGCAAGAGCTGCCATAG CCGGTACTTAGCGTCAGGG
Cdknla CCTGGTGATGTCCGACCTG CCATGAGCGCATCGCAATC
Mfsd2a AGAAGCAGCAACTGTCCATTT CTCGGCCCACAAAAAGGATAAT
Crh CCTCAGCCGGTTCTGATCC AGCAACACGCGGAAAAAGTTA
Ppara AGAGCCCCATCTGTCCTCTC ACTGGTAGTCTGCAAAACCAAA
Hmgcs2 GAAGAGAGCGATGCAGGAAAC GTCCACATATTGGGCTGGAAA
Nfkbia TGAAGGACGAGGAGTACGAGC TTCGTGGATGATTGCCAAGTG
Dusp1 GTTGTTGGATTGTCGCTCCTT TTGGGCACGATATGCTCCAG
Tsc22d3 CCAGTGTGCTCCAGAAAGTGTAAG AGAAGGCTCATTTGGCTCAATCTC
vdr ACCCTGGTGACTTTGACCG GGCAATCTCCATTGAAGGGG
Serpina3c CTGGGGCTCGTGATAACTGG TCGAGTTGTGTCCCATTTTCTTT
Hspala TGGTGCAGTCCGACATGAAG GCTGAGAGTCGTTGAAGTAGGC
Slc22a5 ACTGTGCCAGGGGTGCTAT GCAACTGAGGCTTCGTAGAAT
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Figure 1: HIFs are activated in mouse liver during hypoxia
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Figure 2: Hypoxia modifies the GR response to DEX in the liver
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Figure 3: Induction of specific DEX responsive genes in hypoxia
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Figure 4: Hypoxia causes activation of GR by HPA axis stimulation
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Figure 5: Involvement of hypothalamic HIF1a and HIF2a

in activation of the HPA axis during hypoxia
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Figure 6: Hypoxia causes white adipose tissue lipolysis leading to FFA and liver ketone body production in a GR-

dependent manner
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Figure 7: GR shows attenuated anti-inflammatory capacity under hypoxic conditions
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Figure EV1: Hypoxia modifies the GR response to DEX in the liver.
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Figure EV2: Hypoxia itself causes the induction of GR responsive genes
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Figure EV3: Hypoxia causes activation of GR by HPA axis stimulation
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Figure EV4: Hypoxia causes white adipose tissue lipolysis leading to FFA and liver ketone body production in a GR-
dependent manner
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Figure EV5: GR shows attenuated anti-inflammatory capacity under hypoxic conditions
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