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Glucocorticoids are secreted from the adrenal
glomerular cortices under the control of the brain
via limbic system, hypothalamus, and pituitary.
They have a multitude of effects on a variety of
cellular processes within the body. In liver, they
stimulate enzymes and increase protein and gly-
cogen contents. In many tissues, including muscle,
their catabolic actions inhibit synthesis and sti-
mulate degradation of protein and RNA!. The
molecular mechanisms of action of glucocorti-
coids have been actively investigated. It is only in
the 1960s, that the concept of receptor for gluco-
corticoids evolved. Upon entry into the target
cells, glucocorticoids interact with intracellular re-
ceptors to form complexes which subsequently
undergo activation and translocation to the nuc-
leus where they interact with specific acceptor
sites on chromatin and thus modulate gene ex-
pression’. The nuclear acceptor sites are regions
of DNA sequences (termed as glucocorticoid re-
sponse elements) in regulated genes. However, in
vivo, non-DNA compounds may play an import-
ant role in the nuclear accumulation of steroid-re-
ceptor complexes. This nuclear binding capacity
can be achieved in vitro at an elevated tempera-
ture®* and under high ionic conditions®®, possibly
by exposing positively charged amino acid resi-
dues on the surface of the receptor molecule®®,
which in turn enhances the affinity for nuclei and
polyanions such as DNA and DNA-cellulose®”.
This phenomenon occurs in vivo under physiolog-
ical conditions and is believed to be rate limiting
for nuclear binding!’ 2,

Activation of Glucocorticoid Receptor

Although the exact mechanism of activation of
receptors has not been ascertained, it is found to
be controlled by phosphorylation/dephosphoryla-
tion'*!"*,  subunit dissociation'*!®, endogenous
heat-stable cytoplasmic factor(s)!” and presence of
small RNA molecules'®. This transformation event
is accompanied by a change in the size of the re-
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ceptor from an oligomer of 320 kDa to a mon-
omer of 94-100 kDa'!*?°. A number of propo-
sals have been made regarding the oligomeric na-
ture of the untransformed glucocorticoid receptor.
Based on hydrodynamic properties, some consid-
er the receptor oligomer as a tetramer of identical
steroid binding subunits’!. However, untrans-
formed glucocorticoid receptor from mouse L-cell
cytosol has been reported as a heteromer that
contains a 100 kDa steroid-binding protein and a
90 kDa steroid non-binding protein®2. The steroid
non-binding subunit of the L-cell receptor com-
plex shows homology with the murine 90 kDa
heat-shock protein®®. The exact function of heat-
shock protein is not known, although it is thought
to be involved in maintaining the steroid receptor
in an untransformed state. Recently, a dimer of
90 kDa steroid non-binding protein has been pu-
rified from the liver unactivated glucocorticoid re-
ceptor,

Activation of glucocorticoid receptor complexes
is one of the initial events that occur after the-
binding of the hormone to the specific cytosolic
receptor in the target cells. Several factors have
been implicated in the process of activation/trans-
formation (conversion of the receptor complex
from the non-DNA binding form to a form that
binds to the nucleus or DNA). The availability of
the highly purified unactivated receptor complex
has made possible a number of striking observ-
ations on the activation process. The purified liver
unactivated receptor, when activated, binds to
DNA/or nuclei to the extent of less than fifty per-
cent of the crude receptor. However, when cyto-
sol is replenished to the activated purified recep-
tor complex, the extent of the receptor binding to
DNA is greatly increased”*~®. This indicates the
presence of certain factor(s) in the crude cytosol
which may be responsible for enhanced activation
of receptors. A number of modulators that affect
the receptor transformation have been searched.
The ability of molybdate to affect glucocorticoid
receptor function was first discovered in an ex-
periment where this clement was used as a phos-
phatase inhibitor®’. Addition of molybdate stabi-
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lizes the steroid binding capacity of glucocorticoid
receptor against temperature-dependent inactiva-
tion. It also inhibits the activation of the steroid-
bound receptor to the DNA-binding state®®~ 3.
Several other transition metals, such as vanadate
(VO;) and tungstate (WQ,), also block the activa-
tion of receptor’!. The molecular mechanism(s) by
which molybdate prevents receptor activation is
not yet clear. However, the accumulated evidence
suggests the direct interaction of molybdate with
the steroid receptor complexes to preserve the
untransformed, steroid binding state. In doing so,
it prevents the transformation-associated changes
in physicochemical properties of steroid receptor
complexes such as molecular size, isoelectric
point and subunit dissociation. The unactivated
glucocorticoid receptor has a characteristic sedi-
mentation coefficient of 8-10S on sucrose gra-
dient. This sedimentation coefficient falls to 4-5S
upon activation of hormone-receptor complexes.
Molybdate has been shown to stabilize 8-10S re-
ceptor forms®'3!. An endogenous low molecular
weight inhibitor, called modulator, has been impli-
cated in the activation process. The modulator
maintains the integrity of the unactivated heterol-
ogous receptor and stabilizes the steroid-receptor
complex'’. Recently, a modulator has been purifi-
ed to near homogeneity from rat liver cytosol
and its structure has been characterized??. It has a
structure of an ether-linked glycerophosphoserine
derivative. Its action is mimicked by molybdate
when added exogenously to cell cytosol to stabi-
lize and prevent the activation of the receptor
complex*,

One of the initial steps of activation in vitro
may be controlled by the release of the modulator
causing a decrease in the affinity of the subunits
of the heterologous receptor complex. This very
step can be blocked by the addition of modulator
or of molybdate*’. The products of activation of
glucocorticoid receptor have not been fully deter-
mined. During the process of activation the recep-
tor oligomer (8-10S) is dissociated into an in-
termediate form (5S), probably bound to a low
molecular weight RNA, which then is converted
to a free steroid-bound subunit where its DNA
binding domain is no longer occupied by other
macromolecules'®3?. Once the activated form of
receptor is released, it translocates to the nucleus
and binds to acceptor sites on the nuclear chro-
matin. The mechanism of receptor translocation is
still unknown. Vitamin B—6, pyridoxal phosph-
ate, has been reported to be an inhibitor of nuc-
lear translocation®®. In vivo addition of pyridoxal
phosphate prevents the nuclear uptake of the glu-
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cocorticoid receptor and blocks the induction of
tyrosine aminotransferase in the rat liver**. Pyri-
doxal phosphate inhibits the nuclear uptake by in-
teracting with an epsilon amino group ot an es-
sential lysine residue on the DNA binding domain
of glucocorticoid receptor. The rat liver glucocor-
ticoid receptor has a monomeric molecular weight
of ~ 94 kDa, which exceeds the apparent exclu-
sion limit of~70 kDa for passive diffusion
through nuclear pores**. Nuclear accumulation of
proteins appears to be mediated by nuclear locali-
zation signals®¢. The protein segments are thought
either to facilitate diffusion and intranuclear ret-
ention, or to interact with putative active trans-
port machinery®’. Although the equilibrium dis-
tribution of unoccupied receptor for steroid hor-
mones is controversial®® ~*°, the glucocorticoid re-
ceptors are predominantly cytosolic under physio-
logical conditions*'*2. The nuclear translocation
factors have been ascertained to lie within the
polypeptide of rat glucocorticoid receptor*?. Us-
ing a transient expression of cloned receptor
cDNA, the subcellular distribution of various re-
ceptor constructs were monitored by immunoflu-
orescence. Two distinct nuclear localization sig-
nals, NL1 and NIL2, were defined. This nuclear
translocation of glucocorticoid receptor is a hor-
mone-dependent phenomenon*?.

Glucocorticoid Receptor at the Molecular Level

Domain structure—Due to advances in molecu-
lar techniques, it has been possible to characterize
the structural and functional domains of the glu-
cocorticoid receptor. The receptor polypeptide is
made of 795 amino acid residues*3. Biochemical,
immunological, and genetic analyses of glucocorti-
coid receptor indicate three distinct functional do-
mains, viz. the hormone binding, the DNA bind-
ing, and an immunologic domain*?. At the protein
level, these domains can be defined by limited
proteolysis of purified rat liver glucocorticoid re-
ceptor®3. The steroid-binding domain is isolated
by proteolysis of glucocorticoid receptor with
trypsin. It has a molecular weight of 25-27 kDa
on SDA-polyacrylamide gel electrophoresis (SDS-
PAGE). Digestion of glucocorticoid receptor (GR)
with a-chymotrypsin, on the other hand, results in
a proteolytic fragment of 39-40 kDa that contains
both the steroid and the DNA binding sites. Fur-
ther digestion of this fragment with trypsin results
in a fragment that contains only the steroid bind-
ing domain. Recent analysis of cDNA clones for
the human*, rat*> and mouse*® GR have con-
firmed these three functional domains.
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Steroid-binding domain—The steroid-binding
domain corresponds to the carboxyl (-COOH)
terminal part of the receptor polypeptide starting
from ~ 3518 to 795 amino acid residues. Using in
vitro translation of receptor coding sequences, it
has been demonstrated that the ligand affinity
falls 30-fold upon deletion of 5 amino acids (791-
795) and ~ 10%fold with a 29 amino acids dele-
tion (767-795) from the C-terminus®’. However,
there are Iittle cffects on steroid binding of
N-terminal truncation which imply that these se-
quences may indirectly contribute to conforma-
tional stability at the hormone binding site?’.
More surprisingly, the truncated polypeptides
having just the hormone binding domains are suf-
ficient for steroid binding*’. The steroid binding
domain also acts as a cis acting inhibitor of DNA
binding domain that is reversed upon steroid
binding®’. Affinity labeling of glucocorticoid re-
ceptor with dexamethasone 21-mesylate shows
that it reacts with cys®>® of the rat GR and cys®*
of the mouse GR*:. It has also been demonstrated
that glu* and Tyr’’° of the murine GR particip-
ate in forming the hormone binding site. One of
the mutant receptors of the "“type has glycine at
position 546 and another has asparagine at 770
and show a defective hormone binding*’.

DNA binding domain—The DNA binding do-
main was similarly localized between 440-546
amino acid residues*®. From genetic mutation
studies, it has been shown that all the receptor
derivatives that retained wild type segment (440-
508) displayed full DNA binding activity and con-
stitutive activation of glucocorticoid receptor re-
gulated genes*®, whereas all mutations with alter-
ations in this particular segment lacked DNA
binding activity. DNA binding domain of the most
steroid and thyroid hormone receptors is highly
conserved*”*’. The most striking feature is the
conservation of cysteines, basic and hydrophobic
amino acid residues. It has been demonstrated®!
that point mutations replacing two cysteines by
histidines in the DNA binding domain of the hu-
man estrogen receptor prevent the gene activation
by mutant receptor. A chimeric receptor con-
struct, where the 66 amino acid region of the
DNA binding domain of human estrogen receptor
is replaced by the human glucocorticoid receptor
DNA binding domain, results in the activation of
glucocorticoid-inducible gene instead of an es-
trogen-inducible gene in the presence of oestradi-
ol. A close homology has been observed between
glucocorticoid and progesterone receptor (PR)
DNA binding domain. This is well demonstrasted
by the fact that both receptors can bind to the

same nucleotide sequences in the long terminal
repeat (LTR) region of the mouse mammary tu-
mour virus>’. Recently, it has been shown that the
oestrogen and glucocorticoid response elements
are also as closely related as the DNA binding
domains of these hormone receptors®?. Estrogen
response element (ORE) to vitellogenin genes of
frog and chicken can be converted to a glucocor-
ticoid response element by substitution of one or
two bases of ORE?’2, The homology between GR
and mineralocorticoid receptor is even greater
than that of GR and PR***. The DNA binding
region of glucocorticoid receptor also shows anal-
ogy to the nucleic acid binding region of tran-
scription factor (TF IIIA) from xenopus oocytes>*.
The DNA binding domain has a great significance
in the mechanism of steroid action. In one of the
n'-(nuclear translocation deficient) mutants of
mouse glucocorticoid receptor, Arg*** in the DNA
binding domain is replaced by histidine**. Most of
the steroid réceptors have in this position of the
DNA binding domain arginine which may be di-
rectly involved in DNA interaction.

Immunologic domain—The immunologic do-
main (mostly amino terminal half) is not well
characterized. It has been identified by its antigen-
icity. Generally polyclonal and monoclonal antib-
odies against the glucocorticoid receptor are di-
rected to epitopes located in this domain. This
domain has functional relationship with the hor-
mone action. Variants of mouse lymphoma cells
that are resistant to glucocorticoid exhibit a form
of the receptor that can bind the steroid and in-
teract with DNA but lacks the immunologic do-
main®. Interestingly, the immunologic domain
and the DNA binding domain exhibit striking se-
quence homology with the erb-A gene of avian er-
ythroblastoma virus®->’. This suggests that the
hormone receptor and oncogene product are
members of a new family of DNA binding pro-
teins. The structural relatedness among seclected
regions of glucocorticoid receptor with other ster-
oid receptors, thyroid hormone receptor and the
erb-A oncogene suggest their evolutionary origin
from a primordial receptor gene*”.

Glucocorticoid Receptor and Transcriptional
Activation

Glucocorticoids modulate the gene expression
of target cells through a cascade.of regulatory
events initiated by high affinity binding to their in-
tracellular receptors. The hormone-receptor com-
plex traverses the nuclear membrane and binds to
its acceptor site usually located 100-300 bp up-
stream from the RNA polymerase start site, ulti-
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mately causing the transcription of specific
mRNAs that encode proteins involved in regulat-
ing proliferation, differentiation and physiological
function of the target cells?. Glucocorticoid recep-
tor is a class of cell-specific transacting transcrip-
tion regulatory factor whose activity is controlled
by specific binding of the hormone. The hor-
mone-receptor complex appears to associate with
promoter/enhancer elements of specific target
genes and modulate their expression®. In the pres-
ence of hormone, the glucocorticoid receptor se-
lectively regulates transcription by binding to spe-
cific DNA sequences, termed as glucocorticoid
response elements (GREs), near hormone-respon-
sive promoters*®. GREs are transcriptional enhan-
cer elements that are active only in the presence
of the bound receptor. In some cases, the same
DNA sequences have been shown to be involved
in other hormone responses and to confer hor-
mone inducibility to heterologous promoters
linked to them. These regulatory DNA sequences
are generally called as hormone regulatory ele-
ments (HREs)>*

Glucocorticoid regulatory elements (GREs)
were discovered in the mouse mammary tumour
virus (MMTV) whose RNA synthesis was gluco-
corticoid dependent®¢%6! Using gene transfer ex-
periments with the cloned proviral DNA, it is ob-
served that the long terminal repeat (LTR) region
has receptor binding sites. These regions also
convey glucocorticoid-dependent induction upon
a variety of linked heterologous promoters™*6%6!,
The receptor binding sequences are located be-
tween 50 and 200 bp upstream from the tran-
scriptional start site®*®2. GREs are also found
within and downstream of the MMTV gene’.
DNase 1 footprinting experiments have shown
several binding sites for the purified glucocorti-
coid receptor within the hormone-inducible seg-
ment of DNA’} The nucleotide sequences (5'-
TGTTCT-3") are essentially conserved in all the
binding sites®®. Guanine residue within the hexan-
ucleotide is shown to be the direct contact point
for the receptor®®. The role of GREs in glucocor-
ticoid-mediated regulation of many genes has
been studied. The 5’-flanking region of the human
metallothionein-IIA gene confers glucocorticoid
inducibility to a heterologous promoter®*%®, Using
5’-deletion analysis the most responsive sequences
have been identified between positions —236 and
—268 upstream from the transcription start
point®’. The direct contact point for glucocorti-
coid receptor and DNA was the guanine within
the hexanucleotide (5-TGTTCT-3") as observed in
the case of MMTV-LTR. Using gene transfer and
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purified glucocorticoid receptor, it has been
shown that two glucocorticoid response elements
(GREs) are located at 2.5 kb upstream from the
transcription initiation site of tyrosine amino-
transferase (TAT) gene®®. Although the proximal
GRE has no inherent capacity by itself to stimul-
ate transcription, when present in conjunction
with the distal GRE, this element synergistically
enhances glucocorticoid induction of gene expres-
sion. This cooperativity of the two GREs is main-
tained when they are transposed upstream of a
heterologous promoter. An oligonucleotide of 22
bp representing the distal GRE is sufficient to
confer glucocorticoid inducibility. Mapping of
DNase I hypersensitive sites indicate local alter-
ations in the structure of chromatin at the GREs
as a consequence of hormone treatment. These
TAT-GREs are located far upstream (~ 2.5 kb)
from the promoter for TAT gene. This makes the
TAT-GREs unique as most of the GREs/HREs
for other genes are as close as ~ 300 bp. When
the TAT-GREs are moved closer to their cognate
promoter or to a heterologcus promoter inducib-
ility strongly increases®®. A possible explanation
for such an observation may be that bringing
GREs closer to promoter easily facilitates the
changes at the transcription start site by acting on
initiation factors.

In general, there is a consensus that most of the
hormone receptors act as transacting enhancer
proteins and interact with enhancer sequences up-
stream from the transcription site. It has been
shown that a human gene encoding an interferon-
induced 15 kDa protein has enhancer element be-
tween -115 and -96, just upstream from the CA-
AT box. On transferring, this region confers inter-
feron inducibility on a heterologous promoter of
thymidine kinase when cloned in either orienta-
tion upstream or downstream from the gene®’.
The chick oviduct progesterone receptor binds
preferentially to the sequences immediately flank-
ing the ovalbumin promoter’’. These 5-flanking
sequences are needed for induction by both pro-
gesterone and estrogen’!. A role for the 5’-flank-
ing sequences in glucocorticoid regulation has
been demonstrated for growth hormone gene’”.
One of the glucocorticoid regulatory elements in
the growth hormone gene is located downstream
from the regulated promoter’>. Generally, the glu-
cocorticoid regulatory elements of different genes
are located at variable distances from the tran-
scriptional start site. Some are very far while most
are located very close to the transcriptional start
point. The exact mechanism(s) of the transcrip-
tional regulation by these transacting proteins are
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unclear. Several possible explanations have been
advanced. Based on the role of protein-protein in-
teraction in prokaryotic gene regulation”, it has
been postulated that the hormone receptor bound
to an enhancer sequence would be recognized by
some protein factor that is itself part of the tran-
scriptional machinery®®. This explanation has cer-
tain advantages in correlating the tissue specific
response of the same hormone, ic. the different
cells may have a different set of these transcrip-
tional factors®. It is hard to explain the role of
protien-protein interactions when the receptor
binds several kilobases away from the start site in
either direction (upstream/downstream) of the re-
gulated gene®®. However, using electron micros-
copy to observe progesterone receptor binding to
regulatory regions of uteroglobin and mouse
mammary tumour virus genes, it has been demon-
strated that DNA loops are formed when the hor-
mone regulatory elements (HREs) are at a dis-
tance from one another’. This, in common with
certain prokaryotic systems where several regula-
tory proteins bind to specific DNA sites and in-
teract with one another to regulate the binding of
RNA polymerase to DNA, protein-protein inter-
actions may be important in steroid hormone re-
gulation of gene transcription’*. An alternative ex-
planation may be a conformational change in the
promoter region upon binding of hormone-recep-
tor complexes to specific DNA sequences™. It has
been observed that the enzyme topoisomerase I
accumulated in the active regions of chromatin’,
thus indicating the control of the topological state
of the DNA in active chromatin. The binding of
the transcriptional factor TF III A to the 5S RNA
gene of Xenopus appears to change the topologi-
cal state of the DNA in chromatin’®. Glucocorti-
coid receptor-DNA interaction may alter the con-
figuration of DNA or chromatin in the vicinity of
the binding sites, which may create an active tran-
scriptional enhancer-.

Glucocorticoid Receptor Mutants

Receptor mutants are generally derived from
cell culture systems. In general, mouse lymphoma
cells of T-cell origin and human lymphoblastic
leukemia cells are very useful in screening the re-
ceptor mutants’’’®. These cells show growth inhi-
bition and cell lysis in response to glucocorticoids.
During this process, some cells acquire resistance
to the hormone. Many of these resistant cells
were found to carry receptor defets of different
types. The major abnormalities which have been
observed are: r~ (receptor deficient), nt~ (nuclear
transfer deficient), nt' (increased nuclear transfer),

and act' (activation labile). The r~ phenotype has
been characterized by a very low or undetectable
hormone binding. Certain r~ variants have an
identical polypeptide as wild type glucocorticoid
receptor with the molecular weight of 94 kDa and
show cross-reactivity with anti receptor antibod-
ies. However, they do not bind to hormone**’.
This indicates the defect in the hormone binding
site of the glucocorticoid receptor’*’®. The nt~
type receptors show a defective nuclear binding
and have low affinity for DNA. In contrast, the nt
receptors have increased binding to nuclei and
very high affinity for DNA®’#! Receptors of the
act' type are very labile to the conditions (heat,
salt, pH, dilutions) which normally activate recep-
tor-hormone complexes to a form which has more
affinity for polyanions such as DNA and DNA-
cellulose®®. These studies of receptor mutants
have provided a great deal of molecular and cel-
lular aspects of physiological functions in different
normal and abnormal cell types.

Phosphorylation of Glucocorticoid Receptors
Glucocorticoid receptor has been found to be a
phosphoprotein®3 ~#¢. Previously, many laborato-
ries have suggested that phosphorylation/dephos-
phorylation play crucial roles in regulating gluco-
corticoid receptor functions including steroid
binding and activation/transformation of GR
complexes. The initial observation regarding the
energy dependency of the steroid binding to GR
was made by Munck and his group®”#*. Incuba-
tion of thymus cells at 37°C under anaerobic con-
ditions caused a rapid decrease in the levels of
cortisol binding, and these levels could be res-
tored by O, supply. These reversible changes in
the binding of a glucocorticoid were correlated
with the changes in the concentration of ATP. Si-
milar reversible changes in glucocorticoid binding
were also observed in thymus cells treated with
2,4-dinitrophenol instead of exposure to anaerob-
ic conditions®®. These observations led to the
proposal of continuous recycling of glucocorticoid
receptor between active and inactive states®. The
active state may be generated by phosphorylation
reaction which utilizes ATP. The recycling or
reactivation of glucocorticoid receptor is further
supported when human IM-9 lymphoblast cells
incubated in glucose-free media into a nitrogen
atmosphere lost both their ability to bind a syn-
thetic glucocorticoid and their ATP levels. The
loss of receptor function and ATP levels were res-
tored upon addition of glucose and oxygen to the
medium. This inactivation of receptors in intact
cells was inhibited by phosphatase inhibitors such

381



INDIAN J BIOCHEM. BIOPHYS., VOL. 25 OCTORBER 1988

as molybdate, fluoride, vanadate and ATP°.
These studies pointed out that inactivation of re-
ceptors may result from a dephosphorylation.
This was supported by the observation that pre-
treatment of rat liver cytosol with purified exoge-
nous calf thymus alkaline phosphatase elicits inac-
tivation of glucocorticoid binding capacity®’.
However, the potential site for dephosphorylation
of receptor and/or non-receptor component was
not detailed as the studies were performed with
crude receptor preparation. In another set of ex-
periments, addition of ATP and dithiothreitol pot-
entiate/reactivate the glucocorticoid binding ca-
pacity of inactivated mouse L-cell receptors.
These studies led to the speculation that the bind-
ing of glucocorticoid in these cells requires phos-
phorylation as well as reduction of the receptor
and/or some non-receptor component required
for glucocorticoid bindings®?.

Many conditions such as heat, salt, dilutions
and pH which accelerate inactivation of unbound
receptors also accelerate activation and/or trans-
formation of bound glucocorticoid receptor com-
plexes to a DNA binding form. It was speculated
that if phosphorylation of the receptor is required
for steroid binding, activation of glucocorticoid-
receptor complexes may involve a dephosphoryla-
tion'*?. The importance of dephosphorylation in
activation of glucocorticoid receptor was also
studied with the use of phosphatase inhibitors
such as molybdate and tungstate which block the
heat-induced receptor activation'**2. The exact
mechanism(s) by which molybdate and tungstate
block the activation of bound hormone-receptor
complexes is not well understood. The potential
role of dephosphorylation in glucocorticoid recep-
tor activation has been questioned®*“¢. The num-
ber of phosphate groups is almost the same in
both the non-DNA binding and the DNA binding
forms of the receptor®s. This does not exclude
the possibility of a dephosphorylation of some
other non-receptor component such as an en-
dogenous inhibitor which may influence the acti-
vation of the hormone-receptor complexes®. Fur-
thermore, the possibility of site specific phospho-
rylation/dephosphorylation with an equal number
of phosphate groups cannot be ruled out.

Physiological Implications

Glucocorticoids influence a wide variety of cell
types and metabolic pathways. They are involved
in catabolic reactions, mainly the mobilization of
amino acids from peripheral tissues, caused by in-
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creased degradation and decreased synthesis of
proteins in most of the tissues exciuding liver. In-
creased glucocorticoids cause a loss of protein
from the muscle, supportive tissues and skin and
lead to weakness, oesteoporosis and skin dystro-
phy. Glucocorticoids have been implicated in var-
ious normai and pathologic conditions, normal
and abnormal growth, development and aging
processes. Since the actions of glucocorticoids are
mediated by the intracellular receptor, much of
the adaptive responsiveness have been attributed
to the receptor and post-receptor events. Dec-
reased glucocorticoid binding and receptor activa-
tion have been reported in the brain of genetically
diabetic MDB/MDB mice®®. Increased cytosolic
binding sites for glucocorticoids have been ob-
served in several muscular atrophies. The occurt-
ence of quantitative as well as qualitative changes
in the glucocorticoid receptor has been described
during developent and aging®” ~ ',

Glucocorticoid hormones elicit a series of cellu-
lar responses in various immunological functions.
They induce growth inhibition and cell lysis in
certain lymphomas, leukemias and immature
thymocytes’”-’8. This process requires functional
intracellular receptor proteins and involves activa-
tion and nuclear translocation steps’®. Glucocorti-
coid-mediated cell death is not unique to the cell
culture system but is also observed in the whole
organism. In a series of experiments, the loss of
hippocampal glucocorticoid receptor has been
correlated with the loss of specific hippocampal
neuronal cell population as a function of age.
These neuronal deaths in aged animals have been
associated with the increased stress-induced glu-
cocorticoids with age!”!. The exact mechanism(s)
of cell death by glucocorticoids are not very clear,
but may partly be mediated through glucocorti-
coid receptors. The importance of glucocorticoid
receptors in cell lysis is attributed by growing cer-
tain rodents and human cell lines at relatively
high concentration of glucocorticoids. It has been
observed that certain cell lines are resistant to
glucocorticoids due to the dysfunction of recep-
tors either at the initial binding, activation and/or
nuclear translocation levels. In a recent experi-
ment, the loss of steroid responsiveness has been
found to be independent of the loss of steroid re-
ceptor function. Using a steroid regulated chimer-
ic gene transfection into both responsive and un-
responsive cells, it has been shown that the ster-
oid-insensitive cells contain functional glucocorti-
coid receptor and that the defect exists at the le-
vel of transcriptional control!?*
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Summary

The advent of molecular techniques such as pu-
rification of proteins to homogeneity, production
of monocional antibodies, molecular characteriza-
tion by Western blotting, Southwestern blotting,
¢DNA cloning and site-specific mutagenesis has
made possible to dissect the various domains of
the glucocorticoid receptor. A significant progress
has been made regarding receptor-mediated en-
hancement of gene expression. This has opened a
new insight into an enhancer element (called glu-
cocorticoid response elements) where the gluco-
corticoid-receptor complex interacts with the spe-
cific DNA sequences. These sequences are usually
located a few basepairs upstream from the tran-
scripticn start site. In spite of great -advances in
the glucocorticoid receptor field, there are numer-
ous questions, viz. (i) the subunit structure of the
unactivated receptor, (ii) association and role of
heat-shock protein with thie receptor, (iii) role of
phosphorylation and dephosphorylation, (iv) pres-
ence of endogenous modulators of receptor acti-
vation and nuclear translocation, and (v) the gene
regulation in a cell and tissue specific manner, re-
main to be answered before getting a complete
picture of its mechanisms of action.
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