Glucocorticoid Receptor and Its Importance in (Patho)physiology | Encyclopedia.pub

Glucocorticoid Receptor and Its Importance in
(Patho)physiology

Subjects: Immunology

Contributor: Jolien Vandewalle

The glucocorticoid receptor (GR) is a very versatile protein that comes in several forms, interacts with many
proteins and has multiple functions. Numerous therapies are based on GRs’ actions but the occurrence of side
effects and reduced responses to glucocorticoids have motivated scientists to study GRs in great detail. The notion
that GRs can perform functions as a monomeric protein, but also as a homodimer has raised questions about the

underlying mechanisms, structural aspects of dimerization, influencing factors and biological functions

glucocorticoids glucocorticoid receptor dimerization sepsis mutants

| 1. Introduction

1.1. Glucocorticoids

Glucocorticoids (GCs) are steroid hormones produced by the adrenal cortex 2. They have a broad range of
effects including developmental, anti-inflammatory B!, metabolic B and many other functions &. GCs are
hydrophobic molecules derived from cholesterol and hence they can easily pass cell membranes to enter in cells
and exert their effects. GCs were first discovered in 1946 based on research on Addison’s disease, a rare disease,
also known as primary adrenal insufficiency or hypoadrenalism 8. The active form of GCs is known as cortisol in
humans and corticosterone in rodents. Owing to their anti-inflammatory and immune-suppressive actions, and
small molecular weight, GCs are among the most widely prescribed drugs worldwide and are used both in short-
term and chronic settings, despite that their chronic use poses risks for side effects such as osteoporosis 1, or
opportunistic infections due to the immune suppressive effects . Furthermore, some patients do not respond to
GC treatment and display so-called GC resistance [, the occurrence of which varies between diseases and can
also develop over the course of the treatment &, Over the years, much effort has been directed towards
developing selective synthetic GCs with fewer side effects while keeping the therapeutic effects intact; however,

success has been limited [29[11]

1.2. Glucocorticoid Receptor: Structure and Function

GCs bind the GC receptor (GR), also known as Nuclear Receptor 3 C1 (NR3C1). This is a soluble receptor
belonging to the superfamily of nuclear receptors (NRs) (212, |t is estimated that 1000 to 2000 genes are subject
to GR-mediated regulation, and some studies suggest that up to 20% of all genes are responsive to the GR. The

GR regulates many pathways (e.g., gluconeogenesis 131141 inflammatory response BI13 fatty acid metabolism 18
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(17} by regulating gene expression in various organs and tissues (e.g., liver 289 nervous system 2921
adipocytes 17221y Over- or under stimulation of the GR results in severe phenotypes such as Cushing syndrome
and Addison’s disease 231241, The NR family is composed of 49 members and includes other well-known receptors,
such as the estrogen receptor (ER) and mineralocorticoid receptor (MR) as well as a number of orphan receptors
(the ligands of which are unknown) 22, Similar to other nuclear receptors, the protein domain configuration of the
GR can be subdivided into the following four regions (Figure 1A), from N-terminus to C-terminus 22: N-terminal
domain (NTD), a DNA-binding domain (DBD), a short flexible hinge region and the ligand binding domain (LBD).
The N-terminal domain is the least conserved of the four domains. It shows large differences between different
nuclear receptors 23 and contains most polymorphisms in humans (mostly without deleterious effect) [28l27], The
NTD is also intrinsically disordered, making it difficult to study its structure, and no crystal structure of this region is
available. However, there is some structural information known, mainly secondary structure information. The
activator function domain within the NTD is an organized domain in vivo which may adopt variable conformation to
induce specific responses by recruiting different cofactors based on its configuration 28, Expression of the GR-
coding gene (NR3C1) can start from several alternative transcription initiation sites, which give rise to receptor
isoforms differing in the size of the NTD, each with a different transcriptional capability and tissue-specific
expression (2239 Next to the multiple possible transcription initiation sites, the GR also has multiple possible
alternative translation start sites in exon 2, leading to different translational isoforms. Finally, the GR also
undergoes alternative splicing, leading to several alternative splice isoforms B, These isoforms are formed by
splicing variations in the final introns/exons, involving the sequence coding for the LBD and sometimes the hinge
region B, The main isoforms involve an alternative terminal splice acceptor site, resulting a different final exon
used giving the GRa and GRp isoforms B2l23]. GRa is the canonical active GR while GRP lacks ligand binding and
transactivation activities so that GRa/GRf3 and GRB/GR[ dimers cannot activate gene expression, but can bind
DNA. As GRp is always located in the nucleus, this results in an inhibition of GR activity 331841 Without ligand, the
GR is kept in the cytoplasm in a multiprotein complex consisting of immunophilins and various chaperones in a
configuration optimal for highly sensitive ligand binding 2. When a ligand binds, the complex changes and recruits
other factors B8l yltimately resulting in the import of GR into the nucleus through the nuclear pores, where it will
exert its regulatory functions 8. While there is one study that shows GR dimers in cytoplasm, this study was
based on a strong overexpression system used in vitro 2. Furthermore, David Bain’s group showed that GR does

not form dimers spontaneously and that an additional factor, such as DNA, is needed [,
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Figure 1. Structure of the GR and its DBD. (A) Domain structure of the GR. The disordered N-terminal domain
contains one of the two activator functions (AF-1) for receptor transcriptional activity. The DNA binding domain
(DBD; blue) contains the zinc finger element responsible for recognizing and binding the GR response element in
the DNA and a second zinc finger providing the primary dimerization interface between two GR molecules. In
addition, the DBD contains nuclear localization (NLS-1), nuclear retention (NRS) and nuclear export signal (NES)
peptide sequences. The hinge region (H; red) is a short flexible linker connecting the DBD to the C-terminal ligand
binding domain (LBD). This LBD is responsible for binding ligands in the ligand binding pocket and also contains a
nuclear localization signal (NLS-2) and a second dimerization interface. Finally, the second, and most powerful,
activation function (AF-2) is also located in the LBD. (B) The first zinc finger of the DBD plays a role in recognizing
and binding the GRE, through the P-box. The second zinc finger is responsible for homodimerization of GR. The
residues in the D-loop are especially important for this functionality. The lever arm connects both zinc fingers and
changes conformation depending on the exact DNA sequence bound, transmitting DNA sequence information to
the rest of the receptor. Interaction of the DBD of 1 GR partner with the DNA is depicted, with P-box shown in red.
Blue lines indicate hydrogen bond interactions, black lines indicate van der Waals interactions, dotted lines

indicates that the interaction is with the complementary nucleotide of the opposing strand. The K and V residues in
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the P-box make site specific contacts with the DNA and recognize G2 and T, residues respectively. The arginine
outside the p-box interacts with Gg. These 3 GR-DNA interactions are of great importance, but depending on
sequence context, other residues also make further stabilizing contacts with the DNA. Dimer stabilizing interaction
between 2 GR molecules is depicted in the lower left figure. A458 makes a backbone-based hydrogen bond
contact with 1464' (and 1464 with A458"). The interface is further stabilized by 2 salt bridges formed by R460 and
D462' and D462 and R460'. Underlined residues have been subjected to mutagenesis to yield GR dimer deficient
mutants, of which A458T, GRYM has been used the most in scientific research, with many publications studying it

directly (e.g., if it still forms dimers), or using it as a poorly dimerizing receptor.

It is generally accepted that GR exerts its function in the nucleus by forming a receptor homodimer and binding
DNA at a specific sequence element. Initially it was thought that GR would form tetramers 41, but this was
abandoned due to lack of direct evidence and the fact that support was found for the existence of dimers 42,
However, several recent studies, mainly by the group of Diego M. Presman, have once again brought the notion
that GR might also exist as a tetramer, or as a dimer of dimers 344 to the forefront. The GR dimer model
remains the most generally accepted model for GR function and GR tetramerization is an active avenue of
research. Next to the dimeric and, and possible tetrameric functions of GR, the GR monomer is also thought to
perform several functions. The exact functioning of GR monomers is not yet fully understood, but dimer-deficient
mutants have been generated and used to infer monomeric activity. Likewise, some GR ligands that prevent dimer
formation, such as compound A, can also be used. Decades ago, it was hypothesized that GR monomers would
rather be transcription blockers, either by DNA binding or by inhibitory protein—protein interactions with other
transcription factors, such as sequestration and tethering, while GR homodimers would be more responsible for
gene upregulation via direct DNA binding. While direct monomeric DNA-binding activities have not been directly
observed in a quantitative assay, there is other evidence in support (see further). Evidence for tethering and
sequestration of other TFs by GR, which is believed to be a monomeric function, has been found. Since GR is
supposed to bind pro-inflammatory transcription factors such as NF-kappaB as a monomer 2 and since GR likely
induces expression of some genes involved in gluconeogenesis (Phosphoenolpyruvate carboxykinase 1 (PCK1)
and Glucose 6-phosphate (G6PC), potentially leading to type 2 diabetes mellitus, an important side effect of GCs),
as a dimer 14, this led to the paradigm that beneficial, anti-inflammatory, effects were monomer mediated and that
undesirable side effects were dimer mediated. It was generally believed that skewing GR into a monomeric form or
into a dimeric form could determine therapeutic outcome versus side effects profiles 28, A balance in favor of
monomers would be ideal for chronical treatment, with a minimum of side effects (from GR dimers) of long-term
GR activation 47, and stronger dimerization would be better in acute settings (Figure 2) (48 Indeed, several GR
dependent gene products—thought to be dimer dependent—have been identified to have anti-inflammatory functions

that can be responsible for the acute anti-inflammatory effects of GCs, as will be illustrated below.
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Figure 2. Monomeric and dimeric functions of GR. Work has been carried out to search for ligands that push the
GR towards monomeric or dimeric action for chronic and acute inflammatory diseases, respectively. Indeed, both
forms of GR possess anti-inflammatory actions trough tethering and anti-inflammatory gene induction, respectively.
Most of the side-effects of GCs (hyperglycemia, glucocorticoid resistance, etc.) are ascribed to its dimeric
functions, and therefore SEMOGRAMSs are believed to improve the therapeutic index in chronic settings requiring
long-term use of GCs. In acute inflammatory diseases, such as SIRS and sepsis, however, dimeric GR is believed
to be essential to limit inflammation and therefore SEDIGRAMs are favored in these settings. A good
understanding of the mechanisms determining the balance between GR monomers and dimers is needed in the
search for such dissociating ligands. SEMOGRAM: selective monomerizing GR agonists and modulators,

SEDIGRAM: selective dimerizing GR agonists or modulators.

Work has been carried out to search for ligands that push the GR towards monomer or dimer action as respectively
Selective GR Activators and Modulators (SEGRAM), such as compound A “9 and Selective Dimerizing
Glucocorticoid Receptor Agonists and Modulators (SEDIGRAM) 29, While several effective synthetic GCs have
been developed, so far this approach has not resulted in such “skewing” ligands at the bedside. Dissociating the

side effects and anti-inflammatory effects of GCs solely on the basis of their monomeric or dimeric structure turned

https://encyclopedia.pub/entry/20552 5/15



Glucocorticoid Receptor and Its Importance in (Patho)physiology | Encyclopedia.pub

out to be unrealistic. Indeed, it has been shown that in an acute inflammatory setting, consensus GRE (dimer or
higher order) gene expression is required for GC/GR effectiveness. Moreover, some side effects are not mediated
via dimeric GR (see Table 1). A good understanding of the mechanisms and functions of receptor dimer formation
is needed to help developing such ligands in a more educated way. The resesearchers will provide an overview of
the current understanding of GR dimerization, with a focus on insights into dimerization mechanisms and the

importance of intact GR dimers in pathophysiological conditions inferred from studies with mutant mice.

Table 1. Phenotypes retrieved from GRYMdiM mjce in different physiological and pathological processes.

Process Effect in GRYMdIM Mytant References

Resolution of inflammation

Antigen- and G6PI-induced arthritis DEX protection lost (59
Serum transfer-induced arthritis DEX protection lost (5]
Contact hypersensitivity DEX protection lost (52
PMA-induced irritative skin inflammation DEX protection intact (53[54]
Experimental autoimmune encephalomyelitis DEX protection intact 58]
Allergic airway inflammation DEX protection lost (6]
Graft- vs host disease Increased mortality 57]
TNE-induced SIRS Increased mortality + [58][59]

DEX protection lost

LPS-induced SIRS Increased m.ortality + [60][61](62][63]
DEX protection lost

CLP-induced septic shock Increased mortality (64][65]

Side effects

Hyperglycemia Pred effect reduced [661[67]

Osteoporosis Pred/DEX effect intact [68][69](70]

Skeletal muscle atrophy DEX effect intact (1]

Wound repair Wound repair reduced (2]

Gastroparesis and gastric acid secretion DEX effect lost el

Ocular hypertension leading to glaucoma DEX effect lost [z4]
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Process Effect in GRY'™dM Mytant References
Glucocorticoid resistance DEX effect lost (3l

Cellular processes

Adipogenesis No adipogenesis (78]
Apoptosis DEX effect lost 175
Proliferation Proliferation reduced 461
Spatial memory Spatial memory reduced (78]
Cognitive function under stress condition CORT effect reduced (]
Weight control Body weight increased [80]
Activation HPA axis in 6% hypoxia Activation of HPA axis reduced (81]
Trauma-induced fracture healing Protected (82]

1. Spiga, F.; Walker, J.J.; Terry, J.R.; Lightman, S.L. HPA axis-rhythms. Compr. Physiol. 2014, 4,
1273-1298.

b 2i-ReleofsGR.Camplex:Foxmation:iauSIRS @ndSepsisogy. Front.

Immunol. 2019, 10, 1545.
2.1. SIRS and Sepsis
3. Cruz-Topete, D.; Cidlowski, J. One Hormone, Two Actions: Anti- and Pro-Inflammatory Effects of
GRGuodiorticoition Mdaeleiracarimnopeiativfer20f& epbpdGicdical and pathological functions of GR, which
are summarized in Table 1 (see also ref [83)) This table summarizes the findings using the GRIMAM mice  Given

4. Vegiopoulos, A.; Herzig, S. Glucocorticoids, metabolism and metabolic diseases. Mol.

Cell.

the recent insights contribu |n% to the researchers understanding of the hypersensitivity of GRd'm’gm mice in
Endocrinol” 2007, 275, 43-61. _ _

systemic inflammatory response syndrome (SIRS) and sepsis, the researchers will focus the researchers

Sisolsuigh drrthis @ialy, ThE diffient phEtitise SCobsdregulntipriofitn gleedidm gnaiab alisamation illustrates
the PlarRepit caddHanentos: kel Biesel. A 12thdudi@-to control inflammation.

6. Ten, S.; New, M.; Maclaren, N. Clinical review 130: Addison’s disease 2001. J. Clin. Endocrinol.

SIRS is % aracterized by a fast s&stemlc release of cytokines, such as tumor necrosis factor (TNF), interferons
Metab. 2001, 86, 2909-2922. . , _ ,
(IFNs), interleukin 6 (IL-6) and IL-13, as a response to a noxious stressor such as trauma or ischemia. Sepsis

dudBieekigynLanHmagivie)thM . Batshicaroticaidring used O ajeapetiesiseBlitrg ke Medy2edBiagdOnost
respSfbé—abbbntrast to SIRS, sepsis involves activation of both pro- and anti-inflammatory responses, along with
PGB SUNLTE! S PRZRGHT "> SHELA® MECPSBIRI.S. MBRBING 287, WRHAYRR SRS Al
BB RICOLS RLETHE ARl SRICBISRRIRARS REESIGRART RRUAMA Biljopspegple are affected yearly,

leading to 11 million deaths, corresponding to 20% of all deaths worldwide (3. Injection of TNF or

I%o%%ﬁé%radésvﬁﬂ’g?ghé\l Ia]tt@r d’e%ﬂ’vcé% \péﬁ%?ﬁﬁﬁ%qty %@t@}%t:r?eﬁ%%@&%ﬁg%ﬁed animal models

useglllégoﬁg%qg%rr %‘f%a% WQ%O@PF&W&%@Q\%@HZW&?&EB?@%e cecal ligation and puncture (CLP)

1008R3uMr s, Model des reRIVIING iveindrak BuEreSUSIER esdaciRllRved/ Rl (RHFGEAION Withgntibiotic-
Hamme, E.; Vuylsteke, M.; Beyaert, R.; De Bosscher, K.; Libert, C. A screening assay for
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conBataasifteid3iFféritingGals ponectiegiinRestelito S IR niatsshnd ivinahyl aters (@a DiGadAN Ak ane- and
L P& ffective EH&I8St acute inflammation. Sci. Rep. 2018, 8, 12894.

13 VAL RfiEMm matotPEENnks MAGESEBY'GR EBmpIEX Fdvavaiairoid Receptor Ligands:
Fantastic Beasts, but How to Find Them? Front. Endocrinol. 2020, 11, 712.

GRYM/dim mjce are extremely sensrtrve to TNF induced SIRS B85 Mortality rate |s srgnrfrcantly hé;her in GRdim/dim

12, Mazaira, ; Lotufo, C. aneri-Becerr vils, Sot M.B.;
mice compare ‘t0 t%glr WT counterparts and Mrs lr% assoc%t wah % her ) asma - 6 Ieve and more severe

ana, A The Nucle rR ceptor Field: AHlst rical Overview and Future Challenges.
mtestrnagr&ama EM['Q Mitogen- act?\l/ate pr teorn Eljnase phosp atase 1 (MKP-1 pays a key role%er(relr MKP-1

is in C(letlj:z%%% t egs?mgt ]asone ](DExg or TNF injection in GRY"™! mice and not in GRI™AM mice as a
1&nisnaiehce SiresdstedtbiRding QLiiha nRiGnt Giwvlsteck- DREcofthdSuBRis soding. AenE usper, Mol '~ mice
areGlnaitatyesizaiiordfa Tomplexcgiitdtonicoidntsphonsecitau thegi osphosiolyiaiedalen N-terminal
kinaserb OtyK)nase g enendio boptbsBidl. [1800s<d@, 484268712 partially rescues the TNF hypersensitivity of
Iﬂu?gl‘/‘_ian(MG dim/dim pice These]_d:aa il strate th& ort t role &R co ep'sx forma ion. mbresisting TNF-

ueen, A.> Che gulation o ucos omeos asis

B e e

an %alg’ %Ilﬁjrrrr]nee%z?ércgpcrgfge:ﬂiéslphmgosme kinase 1 (SphK1 encodrng SlP) Thrs gene is synergrstrcally

induced by GCs and pro-inflammatory stimuli via the GR in macrophages, resulting in increased circulation of S1P
IaurRgCRtRIMMRAIRR. loREMUliGhh FropR4iRaIIRURI bindiMY @eihdVinddHetraw, teH RET6INEMMERDHing in
red{HRALOTIS Rfdhiee HUSRIOMISQIFLECGRIM QPR BRI A PidiRgs ANHEI e0ifi A R PRaAReliot S &R 8d by

LpS4Bdotoxemia as DEX can no longer protect against acute lung injury in absence of GR or SphK1 in myeloid

18R SFEREAMEMIEN = 7A a5t §XaB IR bySeting (16 B1PA e RRS L e FoRap e Aorrpatintinig Peotect against

SeNSRIB ARAAL LN PR8ISR igideRAtE ef  LOUSINSARRSE S G § Y GRS SIARSEHE AR faltyrasian
intag G SN R ARITNR) oty tas. GILBHy shpicsty 1ndisgd 490 £C Ayt upon inflammation this gene is
reduced in several cell types, such as hepatocytes and blood cells 21, However, the mechanism behind the
lgdml/‘r?rggtlr\(laﬁ‘c])ri 5rem¥qr[n|r%}lamMaﬁ)r§/sstg{t%8g rsKnotFJé‘?%h&F%to%‘écg%%téé‘uﬁfi”&Eﬁ‘aen r?'c%sc%{rld be that due to
theglg&ocortrcords in adsgose tissue b@pg){ nq;@e develo ment of ntrg o%e;.lsty ch|m

unresponswene n SepSIS IS unre pOﬂSIVG owar genous ligand

cor@src))ly“)co)(tS cos(t:ero e, tﬁgrg/tl)?/HeB |Sn|8 % %egr%%ééc} %f(lgr’eg'z;lgn 4§%is gene. The recently registered RECORDS
118aRsdbetietira, USIN .CCaresiae £, irigod\aste Malkaltifhcated CootaictYiG R Slaipigracrep igdmpi£e€
resisthiepatrePsnseligtio b CNe4d&HS andavierabdlishoulr et nEted dbaholh@02e chani ST 98kt to GR-
medlated transcrl |on can control Ievels of GILZ For examgle it has been illustrated that the RNA- brndrn rotern
19. Tronche, F,; l\% R.; Kellendonk Reimann, A.; Schwake, L.; Reichardt,

tnstetraprolm can reduce GILZ mR stab|I|ty upon TLR activation Mice with GILZ’ overexPresswn (GILZt

Stangl, K.; Gau, D.; Hoeflich, A.; et al.” Glucocorticoid receptor function in hepatocytes is essentia
mlce) have a reduced mortallty towards CLP-induced peritanitis, which could be linked to an énhanced bacterial
%Jte Nﬁ)ostnatal body growth. Genes Dev. 2004, 18, 492-497.

clearance oreover, overexpression of GILZ specifically in monocytes and macrophages similarly reduced
20 oftaingedted W.tKeOTIGORIGHOI G s@BE PIOIS | NG ARegeriicae BaURiS Yse Mlsd aStetritt Binghaminbiedsed
badifhl RIS, BBloIPAanced phagocytosis capacity of macrophages 231, Taken together, the data suppose
2haf BPEHNTAR MR HENS [T BRI LSARE ST ARG RBRIBURCSILR M PraBtiERy: N4 REgBK2#e are

essEBtj%’tiirag%rniﬁihe protective effects of GR in SIRS and sepsis.

22 3. FroMnflamitatory<G ene s Sappreéssed byGR Conpiex Foematimiticoid receptor, plays the

dominant role in adipogenesis and adipokine production in human adipocytes. Int. J. Obes. 2014,
In a)déiiti_xt)fztg_igﬁztggical transactivation potential, GR dimers may downregulate hundreds of genes by interaction

with IR-nGRE 4. For example, based on studies using GRY™dM mice, GR dimers are supposed to directly bind to
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2R-iNaREe | emoatd . iBettiagsaAKL; GrasstaanrsdulingNiemadutel. STSHiNg'ssytiodraame. haosetcPDaGN.
Un@6illedGOBSRETPI™ mice, which lack the potential to bind these short DNA sequences, subsequently present a
o S A 2 22 SR8 B R 98Bl io oA o dependent o the gut microbiota
as assessed with antibiotics studies. Injection of TNF in GRY™dm mice |eads to an even more outspoken induction
25t tNUSH4eI8 s BrBuidig néorGHiHLBth &5ty IR HUAGHET CaRNIARSURRT IGSRIPA-EHSH WeAHAHPESSRERTE; B,
Thﬁ%@ﬂ&&éx%@s@ioa%f Jcl‘ﬁfgs,@‘gj’e%%g-contributes to necroptotic cell death in the intestinal epithelial cells (IECs)

2dHBeRLSH e el dertg s/ Rl herpitthGR G R Tien shillsngediving 'shth SN RoRfutdiRIRES
thisgjs IﬂBM'?foFﬁﬁ%Fﬂg.@?gcl)d(i:nr]iﬁBf@gW?@.@efB@i,ﬂ?W—%ﬁ%ﬂve lethal TNF dose. The transcription factor

binding motifs found in GR""WLspecific DEX downregulated genes were specifically ISRE and IRF elements. As

ZJUCMBISE%hha%;aMgv(/rérAl'rh(péBaorlgt?ﬁ‘em fe%f.ésSSYoendbrl}l "rlﬁlg—lfrbd’L?Ce'é"leéléing-Iziosni:r(])grhﬁéwtuﬂ%%irqg damage in
GRYBHALONS O 0GR NILEIGRL HOTNONe RECERIBl NG RRP S 000 MALANAR: Py SRR ot
GR&Q;&% r%icZJthPNF, thereby illustrating the essential role for GR complex formation in resisting TNF-induced
28 R&UmaghrnhibtiognpswoptesiF oldiegrié stirabppibedmidett! receptor N-terminal transactivation

function: Dynamics and regulation. Mol. Cell. Endocrinol. 2012, 348, 450-456.
Next to the observed effects of the GRIMdim mytant in IECs, this mutation also has clear effects on macrophage
20 S kum R Ret KHES e Vs QUM e ol AT TOLGR M dCiH Rey GIUGRC ORISR SRRIRL g shock
o4 AN ALY SEALRHIRLLRS RESERIAP GRARIBR IS ViR UGS e N AL RRDMO b Gl Gl TR Amd R e
arejfg%e_tgtgré;'/' to GC treatment as assessed by the production of IL-1[3 upon addition of LPS and/or DEX. Inhibiting
30:-10uuHINE. AT itHAWskERIOA alitagTsistivadiite gedates, thebyrarzamsiti@onet BT Y8rmicrto LPS, thereby
illusB iivgcarnticerdrRetepeoforsoforpex vidimalitioue EsistisgipBShalTeed enGafiesthkobCahRCaH918; 1B
pro@@mio@4@$. Interestingly, GRYSMKO mjce, which lack the GR in their myeloid cells, similarly show increased
susceptibility towards LPS injection, but IL-1f inhibition completely protects in this mouse model. Since GRYM/dim
31, Petta, I7; Dejager, L.; Ballegeer, M.; Lievens, S.; Tavernier, J.; De Bosscher, K.; Libert, C. The
mice carry the point mutation in all cell tﬁpes, these data sugﬁest that GR dimerization jn_other cell types also
Interactome of the Glucocorticoid Receptor and Its Influence on the Actions of Glucocorticoids In
contributes to survival during sepsis, and moregver, that the monomeric function_of GR in mgelmd cells also

Combatting Inflamm%r and Infectious Diseases. Microbiol. Mol. Biol. Rev. 2016, 80, 495-522.
provides some protection 2. Indeed, the researchers recently showed that GCs apply two key mechanisms to

3ebrin6l ergdtoxdvhia Edigd, & thKirQeiTof BrRIxrophagesCwhs Ay IGHds, Aehsiaihttd Spioeso©ING . Frolineibem a
GRliganshiindipe mria-isgfain ohtha hemasl giurecaditiail sprepion (Maddetsy) aldasiieey@lsuppress
TNRAREChanisN IStagéianeitesepie alidnebyspeingieraleatMial aMiatbrRBende b Nayd€T . Lastly, Osteopontin

IR Medp S PRSI R dHORF AT R IRE HEERIYeCBptor beRicfsBgliRRoed with LPS
corpRABadQiGiR BiodHEREAIBIAI LY. SR BIRIEY CHMALRE SN HOP e D S e YR sBE BHYs

derived from GRYMdiM mice showed a trend towards induced Opn upon LPS treatment, compared to their WT
SébURIUTAIRY €21; KiiPevEr, ZRUARKRufCHdNEREs Rot RYMRERC aMoSIMEUSHS (G- GROGNRRNEr Zel Wpes

corltSTRTY Al CBEATIEGIFL IR RERIARSE B ISR AIHREe ARl SUBPERS SRR TR N L G R HARSARILAtgS A

derURRHALEA R SYHRIH PHSRCAREHAR o, SelRsFNGRcHoghMetaR AARY-dRRe e win2tat-1, iL-18
IARAPRESTabefaRieretlion RUANSCSBR B FeRA®T the Glucocorticoid Receptor: Into the
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