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[ Abstract |

Glucocorticoid (GC) has important physiological and pharmacological effects, which are mainly mediated by

the GC receptor (GR). As a ligand-dependent transcriptional factor, GR activity is regulated by phosphorylation as well as GC;

it is subject to hormone-dependent and -independent phosphorylation on several serine and threonine residues, especially in the N

terminus. The GR is phosphorylated by cell-specific kinases such as cyclin-dependent kinases (CDKs) , glycogen synthase kinase

3B (GSK3p) and mitogen-activated protein kinases (MAPKs). Phosphorylation regulates signaling and transcriptional activity of

GR, thereby modulates the response of cells to GC and may be involved in the development and progression of diseases. Here

we reviewed the recent research on GR phosphorylation and its pathophysiological significance.
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Fig 1 Structure and phosphorylation modifications of GR™
GR: Glucocorticoid receptor; NTD; N-terminal domain; DBD;:
DNA-binding domain; HR: Hinge region; LBD: Ligand-binding do-
main; h:; Human; m: Murine; r: Rat; aa: Amino acid; P; Phospho-

rylation site; S: Serine; T: Threonine
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Tab 1

Glucocorticoid receptor (GR) phosphorylation of different sites affecting transcriptional activities of GR

Phosphorylation site Kinase

Effect

Human S203
(Rat S224)
(Murine S212)

Human S211
(Rat S232)
(Murine S220)

Human S226
(Rat S246)
(Murine S234)

Human S404
(Rat S424)
(Mouse S412)

Cycling A-CDK2
Cycling A-CDC2
Cycling B-CDK2
Cycling B-CDC2
Cycling E-CDK2
CDK5

ERK MAPK
Cycling A-CDK2
Cycling A-CDC2
Cycling B-CDK2
Cycling B-CDC2
Cycling E-CDK2
ERK MAPK
CDK5

p38 MAPK
JNK

CDK5

p38 MAPK
GSK3

pS203 GR is contained within the cytoplasmic fraction of cell and fails to bind GRE-containing
promoters of endogenous gene, suggesting that pS203 is the transcriptionally inactive form

of the GR. Compared to pS211, pS203 GR is more easy to degradel?:1%]

pS211 can bind with GRE-containing promoters. The GR is transcriptionally more active when
phosphorylated on S211 in part due to conformational change and increased recruitment to
GRE-containing promoters, leading to increased apoptosis in several cell types. pS211 is a
sign of GR activation. However, in neuronal cells, pS211 which is caused by CDK5,

can reduce GR transcriptional activity!!?

pS226 GR is in the nucleus. Although pS226 GR can associate with GRE-containing promoters,
the phosphorylation of S226 leads to blunted hormone signaling due to enhanced nuclear
export of GRIY

Phosphorylation of S404 leads to a conformational change within the GR, resulting in altered

co-factor recruitment, attenuating GC signalingl?!

CDK: Cyclin-dependent kinase; CDC: Cell division control progein; GRE: Glucocorticoid response element; ERK. Extracel-

lular signal-regulated kinase; MAPK: Mitogen-activated protein kinase; JNK: c-Jun N-terminal kinase; GSK3: Glycogen syn-

thase kinase-3; GC: Glucocorticoid
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Fig 2 Regulation of basal GR phosphorylation

by LBD-associated protein phosphatases™’
GR: Glucocorticoid receptor; DBD: DNA-binding domain; AF-1.
Activation function domain 1; LBD: Ligand-binding domain; AF-2.
Activation function domain 2; PP5. Protein phosphatase 5; Hsp90:
Heat shock protein 90. A model whereby protein phosphatases asso-
ciate with the GR LBD and restrict N-terminal phosphorylation. A
In the absence of ligand. newly synthesized GR is phosphorylated at
all three sites (S203, S211 and S226 ) and then is rapidly dephospho-
rylated by protein phosphatase (s) associated with the LBD, inclu-
ding PP5 in complex with Hsp90; B: Ligand binding releases the
LBD-associated protein phosphatase (s), resulting in hyperphospho-

rylation of the GR N terminus
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W R fL 7K F (A ik 2> pGR-S211, Jf- 38 Jin PP5 (%)
Fi5, M RNA THR 5 3k M6 PP5 9 2% 55 ml 14 n
S211 WBERR 1L Al GR Y 5% s 6 PEY . B3 i PR F
Y0 K AR ™ HE 2 Wiy S8 R A1 R Il PR A% 4 MY (PB-
MCs) 1 PP2A 1335 FIG P4 B 58 B AR L [ B A G
MM pGR-S226 K F-34 fin, 4 0 PP2A I8 /> 5 5

[ pGR-S226 7K - 14 Jin AT i th 2 5 2040 g Xt GC
AR RN Z —2 ) I AhE A BF5E B X% GC ik
PR 2 g 8 T U B A A A p38 MAPK i M Lk
XfHE 3% = . p38 MAPK AI B GR B9 U) 6, H p3s
MAPK 4 i 50 mT LA GC $1 4 VE R, ¥k & xF
GC LT 1Y 22 g 52 35 40 L% GC Ry S, {5 2 p3s
MAPK fER B GR | B 22 54 1R B TR Ak A 503k AN T
e,

i GC BB T bk B 40 i ke 5 %) ik 93 440 e 9
T, BB I PR FH T 36 7 0 O 40 i &R A9 R L {2 A GC
TRIT — B iF E] S L ob L 40 B k2R GC Bk, 25 R 7
AN A T TR AR EOE R BT R TR
40 i RS 9 p38 MAPK RES 2k S211 Wik 1k,
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