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Two Faces of Glucocorticoid Receptor (GR) Signaling

COLUMN ARTICLE

Glucocorticoids (GCs), a steroid hormone, are choles-
terol-derived hormones secreted by the zona fascicula-
ta of the adrenal glands and in human they are known as
cortisol. They regulate a variety of physiological functions
and also maintain stress-related homeostasis. GC signals
through glucocorticoid receptor (GR), which is regulated in
a stress-regulated manner to sustain various metabolic and
homeostatic functions, which are indispensable for life. So
that, GCs homeostasis is beneficial to health, which is con-
trolled by the hypothalamic-pituitary-adrenal axis at the
circulatory level, whereas their tissue levels are controlled
by enzymes such as 11 -HSD1 that regenerate and activate
GCs [1].

Now a day, glucocorticoids are the most effective therapy
for the treatment of inflammatory diseases such as asth-
ma, allergic rhinitis, ulcerative colitis, rheumatoid arthritis,
and eczema as well. Although GR signaling makes a critical
contribution to the maintenance of systemic energy ho-
meostasis, excessive activation of GR signaling by increased
GC levels also possesses several adverse side effects in bi-
ological system and that would be life threatening such as
diabetes, hypertension, glaucoma, muscle atrophy, growth
retardation, and cardiovascular dysfunction. Beside these,
Cushing’s disease is a characteristic disorder of hyperglu-
cocorticoidism [2]. Especially in liver, GCs have been im-
plicated in the pathogenesis of non-alcoholic fatty liver
disease (NAFLD) and non-alcoholic steatohepatitis (NASH)
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[3]- Mice deficient in 11 3-HSD1, which regenerates GC and
amplifies local GC action, are protected from hepatic steato-
sis induced by excessive GC administered in drinking water,
suggesting that appropriate regulation of GC turnover in
tissues is critical for the prevention of NAFLD and NASH.
Indeed, 11 B-HSD1 inhibitors have been shown to effective-
ly improve metabolic syndrome parameters in rodents [4],
and in a clinical trial, liver fat were modestly but significant-
ly decreased in NAFLD patients after treatment with an 11
-HSD1 inhibitor [5].

Recent data suggests that excessive GR signaling would
have adverse effect to aging associated disorders. It has
been reported that GR signaling suppresses antioxidant
response by regulating the master antioxidant gene regula-
tor, NRF2. NRF2 is a transcriptional activator mediating in-
ducible expression of antioxidant genes under oxidative or
electrophilic stress. NRF2 plays important role in response
to intrinsic oxidative stress. ROS elimination capacities
are limited in Nrf2-null mice [6] and Nrf2-null mice tend
to spontaneously develop various inflammatory disorders,
including multi-organ autoimmune inflammation, glomer-
ulonephritis, and immune-mediated hemolytic anemia [7].
The chronic accumulation of intracellular ROS seems to be
the causative agent of these disorders. NRF2 also plays an
important role in abatement of inflammation via suppress-
ing pro-inflammatory cytokine genes [8]; and it also pro-
tects liver from NASH [9].

[t was reported that NRF2-dependent antioxidant response
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was suppressed upon cortisone treatment to the 113-HSD1
(11 B -hydroxysteroid dehydrogenase 1, which regenerates
GC and amplifies local GC action) overexpressed hepatic
HA4IIE cells, which was reversed by 113-HSD1 inhibitions,
suggesting that elevated level of GR by overactive 113-HSD1
impairs NRF2-mediated anti-oxidant response [10]. Re-
cently, Alam., et al. has established the molecular mecha-
nism of GR-mediated transrepression effect on NRF2-de-
pendent antioxidant response [11]. They showed that
GC-induced GR interacts with the transactivation domain
(Neh4/5) of NRF2 and recruited to the antioxidant binding
element (ARE) by competing with CBP for the same binding
domain followed by reduced enhancer histone acetylation,
not promoter histone acetylation and increased histone
deacetylation. As a consequence, relaxed chromatins for
antioxidant genes are no longer in abundance for transcrip-
tion leading to GR-mediated transrepression of NRF2 target
genes. These effects were not limited to Dexamethasone
(Dex) but also Betamethasone (Bet). Another group has
also investigated GR-dependent suppression of NRF2 tar-
get genes by using clobetasol propionate (CP), another GC,
and in this case they showed that CP prevented nuclear ac-
cumulation of NRF2 and -TrCP-dependent degradation of
NRF2 [12]. These studies suggested that NRF2-dependent
antioxidant response is suppressed by GR signaling either
through GR-Neh4/5-domain of NRF2 interaction that leads
decreased histone acetylation or NRF2 degradation in a
B-TrCP-dependent manner. As it is well known that activa-
tion of NRF2 is essential for the prevention of aging associ-
ated disorders, so that, excessive GR-signaling would be one
of the pathological concern for aging science.

Beside these, in cancer cells, constitutive activation of
NRF2 is frequently observed. Highly activated NRF2 target
genes, encoding detoxification and antioxidant enzymes,
govern a great advantage to cancer cells for survival against
anti-cancer drugs and irradiation [13]. Constitutively sta-
bilized NRF2 also promotes cell proliferation, as increased
NRF2 activity lowers intracellular ROS level [14] and also
redirects glucose and glutamine into anabolic pathways to
promote metabolic activities [15]. On the other hand, in nor-
mal host cells, increased NRF2 activity confers protection
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from oxidative stress-induced cell death as well as preven-
tion of cancer metastasis [16]. GR signaling enhances the
cell apoptosis and Alam., et al. established that excessive
GR signaling represses NRF2 antioxidant activity. Regard-
ing the treatment of cancer malignancy, GR agonists would
be expected to suppress the increased NRF2 activity in can-
cer. In contrast, NRF2-dependent antioxidant response will
be suppressed by using GR agonists in normal host cells,
which is the concern of severe side effects of GR signaling.
Thus, a drug delivery method of GR agonists would need to
be developed for the inhibition of NRF2 activity in cancer
cells, which would be delivered preferentially to the target
cancer cells.
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