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Inflammasome-mediated glucocorticoid resistance: The receptor rheostat
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ABSTRACT
In primary acute lymphoblastic leukemia cells exhibiting de novo resistance to glucocorticoids, we recently
discovered decreased promoter methylation of caspase 1 (CASP1) and NLR family, pyrin domain containing
3 (NLRP3), which resulted in increased transcription, constitutive NALP3 (NACHT, LRR and PYD domains-
containing protein 3) inflammasome activation, and caspase 1-mediated cleavage of the glucocorticoid
receptor. This revealed a novel mechanism of glucocorticoid resistance that was recapitulated in model
systems.
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Glucocorticoids are a widely prescribed class of medications
that are used to treat a broad spectrum of inflammatory, aller-
gic, autoimmune, and malignant diseases including leukemias
and lymphomas, and as such are an essential component of
curative treatment of acute lymphoblastic leukemia (ALL).
Children whose leukemia cells show relative in vitro resistance
to glucocorticoids have a poorer prognosis than those showing
good in vitro sensitivity.1 Glucocorticoids act by binding to the
glucocorticoid receptor (encoded by the NR3C1, nuclear recep-
tor subfamily 3 gene) in the cytoplasm, leading to translocation
of the receptor to the nucleus where it binds to specific DNA
motifs (glucocorticoid response elements, GREs)2 and acts as a
transcription factor mediating the activation or repression of
gene transcription.

In a recent genome wide association study of 444 patients
diagnosed with pediatric ALL we analyzed gene expression
data and information on patient tumor cell response to gluco-
corticoids (i.e., LC50) and showed that 2 of the most differen-
tially expressed genes in glucocorticoid-sensitive and -resistant
pediatric acute lymphoblastic leukemia cells were key compo-
nents in the NALP3 inflammasome pathway (CASP1 and
NLRP3).3 We found that mRNA expression of CASP1 and
NLRP3 was 1.6-fold and 2.4-fold higher, respectively, in gluco-
corticoid-resistant ALL cells compared to glucocorticoid-sensi-
tive ALL cells. Moreover, in patients who eventually
experienced disease recurrence, CASP1 and NLRP3 expression
was higher in leukemia cells analyzed at relapse than in leuke-
mia cells analyzed at the initial diagnosis. To understand the
mechanism of this differential expression, we focused on
known gene regulatory mechanisms including DNA methyla-
tion because it is well established that methylation of promoter
regions results in transcriptional silencing of the corresponding
genes.4 Our genome-wide analysis of DNA methylation
revealed a highly significant relationship between lower levels
of CASP1 promoter methylation and elevated CASP1 mRNA

expression, and, concordantly, a highly significant relationship
between lower levels of NLRP3 promoter methylation and
higher NLRP3 mRNA expression in glucocorticoid-resistant
ALL cells compared to glucocorticoid-sensitive ALL cells. Based
on a published report of CASP1-mediated androgen receptor5

cleavage, we used bioinformatics to identify 2 similar CASP1
cleavage 4-residue motifs (LLID and IKQE) in the transactiva-
tion domain of the glucocorticoid receptor and experimentally
confirmed their clinical relevance (Fig. 1). When overexpressed
and activated in human leukemia cells lines, CASP1 increased
glucocorticoid resistance by cleaving and inactivating the recep-
tor, preferably at the LLID site; this could be mitigated by either
downregulation of CASP1 expression or by overexpression of
the cowpox virus protein CrmA, a known inhibitor of CASP1.6

A potential extension of our findings could be the devel-
opment of new therapeutic interventions to mitigate gluco-
corticoid resistance by inhibiting caspase 1 in leukemia cells
that have high expression of CASP1 and NLRP3. Based on
our findings, we hypothesize that small-molecule inhibitors
of CASP1 may be a viable therapeutic strategy to overcome
this mechanism of glucocorticoid resistance in ALL. To dem-
onstrate this pathway as a potential target for reversing glu-
cocorticoid resistance in ALL patients, we overexpressed a
known CASP1 inhibitor (CrmA) or small hairpin RNA
(shRNA) to destroy either CASP1 catalytic activity or the
CASP1 message. These distinct inhibition methods both
resulted in enhanced glucocorticoid sensitivity and blockage
of glucocorticoid receptor cleavage. An alternative strategy
may be to boost the pool of available glucocorticoid recep-
tors in CASP1 overexpressing cells by increasing its half-life.
We have performed experiments to test this option and
showed that increasing the level of wild-type glucocorticoid
receptor by overexpression of the wild-type receptor protein
in high-CASP1 leukemia cells was insufficient to overcome
CASP1-induced glucocorticoid resistance. This is consistent
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with the susceptibility of this newly introduced wild-type
glucocorticoid receptor to CASP1 cleavage. In contrast, over-
expression of a mutant form of the receptor, engineered to
be resistant to CASP1-cleavage by substitution of alanine res-
idues at the 2 cleavage sites, resulted in substantially reduced
CASP1-induced glucocorticoid resistance. Thus, analogous
to this experiment, a potential therapeutic strategy that aims
to increase the levels of wild-type endogenous glucocorticoid
receptor is unlikely to be successful. Preferable strategies
would likely be masking the CASP1-cleavage sites7 or block-
ing CASP1 activity with a targeted small molecule.

The potential for future investigation into this newly discov-
ered link between inflammatory and anti-inflammatory mecha-
nisms is clear. This previously unrecognized mechanism of
blocking the anti-inflammatory activities of endogenous gluco-
corticoids by amplification of CASP1 activity further enhances
the inflammatory effects. Our studies open the way for small-
molecule screens for CASP1 inhibitory compounds that can
lower glucocorticoid resistance and for clinical trials involving
prospective screening of ALL patients for CASP1 and NLRP3
expression to optimize their treatment, in addition to evolving
studies of known CASP1 inhibitors (e.g., VX-765, VRT-
043198).8

Overall, our work identifies a new mechanism of gluco-
corticoid resistance in pediatric leukemia patients; how-
ever, the story may not end there. As glucocorticoids are
some of the most highly prescribed medications, this same
mechanism may hold true for rheumatoid arthritis,
asthma, ulcerative colitis, and many other medical condi-
tions. It remains to be seen whether this mechanism might
be operative in the regulation of other nuclear hormone
receptors such as the androgen receptor, estrogen receptor,
or vitamin D receptor, although some preliminary evi-
dence exists for the androgen receptor.5 In any case, the
regulatory link between inflammatory pathways (NALP3,
CASP1) and anti-inflammatory pathways (GR, NR3C1) is
likely conserved across species and the operational mode
of the inflammasome shutting down the opposing anti-
inflammatory pathway is compatible with evolutionary
selective pressure for a strong inflammatory response to
pathogens or damage.9,10
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Figure 1. Caspase 1 induces glucocorticoid resistance via glucocorticoid receptor cleavage. Schematic illustration showing that increased expression of inflammasome
components caspase 1 (CASP1) and NLR family, pyrin domain containing 3 (NLRP3) via hypomethylation of promoter regions leads to glucocorticoid receptor cleavage as
a result of increased CASP1 activity. Decreased levels of functional glucocorticoid receptor (GR) lead to a blunted transcriptional response to glucocorticoids, glucocorti-
coid resistance, and inferior treatment outcomes.
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