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1 Introduction

Psychotic major depression ( PMD ), which
responds poorly to tricyclic anti-depressants, is a
distinct syndrome of depression. Hypercortisolem ia
( cortisone hypersecretion), a biological abnomality
existing in many patients with PMD, has led to various
theoretical and empirical rationales for the potential
therapeutic use of anti-glucocorticoid agents in the
treatment of depression. Most available anti-depressant
increase  brnain levels  of

medications  today

glucocorticoid receptor ( GR), rndering individuals
feedback
regulated by hypothalam ic-pituitary-adrenal ( HPA)

several studies have assessed the

more sensitive to corticosteroid negative
axis. Recently,
behavioral effects of direct phamacological lowering of
in patients with PMD wusing GR
RU486
Random ized and controlled studies have shown that GR

cortisol levels

antagonists, such as ( mifepristone ).
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antagonists are capable of significantly improving
psychosis and depression symptoms of PMD patients,
and thus pointing to a prom ising potential of developing
GR antagonist as a novel anti-depressant agent to
revolutionize the treatment of depression.
2 Pathophysiology of PMD

PMD is a mental disorder with considerable
morhidity and mortality. Numerous studies, wrlative to
its clinical chamcteristics,

biological measures,

treatment course and outcome, and familial history,
suggest that PMD is a distinct subtype ofdepnession[l n
Twenty-five percent of the patients hospitalized for
major depression met the diagnostic criteria for
PMD'*', and14.7% of the outpatients had a history of
Patients with PMD

symptoms,

psychotic chamcteristics >*! .

exhibit pronounced paranoid cognitive

impaiment, hopelessness, hypochondriasis, anxiety,

absence of diumal variation, and

5]

insomnia,
constipation > Symptom relapse or recurrence is a
common feature and suicidal risks are much higher
patientsm . The

prevalence is higher (45% ) in elderly patients with

than non-psychotic depression

major depression, but PMD can occur in all ages.
PMD is hard to diagnose, because psychosis may be
subtle, intem ittent, or concealed, and anti-depressant

therapy alone often results in poor efficac3}3’4’7].
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Although PMD patients do respond to combinations of
currently available anti-psychotic and anti-depressant
medications, and electroconvulsive therapy ( ECT),
these therapies act very slowly, which lead to an
interim period of high momidity ECT rmains the
therapy of choice today.

An association of HPA axis activity and mental
disturbances was first reported about50 years agds] It
was found that depressed patients with suicidal
behavior in their past and recent disease history showed
a differentially regulated HPA system compared with
depressed patients without suicidal behaviot’!. In the
case of PMD, a series of studies revealed that (1) a
majority of PMD patients tested

dexamethasone suppression while patients with non-

abnomally for

affective psychoses ( eg, schizophrenia) did not show
this feature; ( 2)
adrenocorticotropin homone ( ACTH )
elevated in patients with PMD; (3) ECT could cause a
perturhation of the HPA axid "’
data demonstrated that selective removal of forebrain

both peripheral cortisol and

levels were
Latest experimental

GR uncovered a substantial loss in negative feedback,

causing sustained increases in circulating stress

homones. This increase could then elicit sequelae that

resemble the effects of depression’ '’ .

These findings
support the neuroendocrine hypothesis that dysregulation
in the

and can

in the HPA axis plays an important role
pathogenesis and development of PMD,
explain why PMD is often associated with cognitive
impairmen{z] .

Hypercortisolemia may activate serotone1gic,
dopam inergic and noradrenergic neurons in the brain
sttm thereby increasing the sensitivity of limbic-
forebrain areas to am inergic inputs[m. Dopam ine1gic
system activation and higher levels of cerebrospinal
fluid 5-hydroxyindoleacetic acid were rported in PMD
patients[”. In addition, PMD patients have lower
serum dopam ine-B-hydroxylase ( DBH) activity ( the
enzyme that converts dopam ine to norepinephrine)m]
leading to an enhancement of dopam ine activity and
psychotic behaviot'*’.

Besides neuroendocrine changes in PMD patients,
larger ventricle-to-brain ratios and greater atrophy in
parietal regions were demonstrated by Rothschild and
Diencephalic atrophy, reticular activating
and left-sided
These

structural alterations were correlated with impaiment in

colleag,meé Bl
systtm lesions, brin stem atrophy,

frontotemporal atrophy were also noted .

motor function, attention, memory, and visual-spatial

skills.
3 Involvement of GR
Following stimulation, the HPA axis secretes
cortisol from the adrenal glands, which in tum inhibits
both corticotrophin-releasing homone ( CRH) and
ACTH rlease from the hypothalamus or pituitary
gland. This feedback mechanism involves two types of
adrenal steroid receptors, namely, m ineralocorticoid
receptor ( MR, type I) and glucocorticoid rceptor
(GR, type II). MR mediates the circadian through
basal level of corticosteroids, wheras GR ensures a
high level of glucocorticoid during circadian peak and
stress 7.
factor consisting of two subtypes, GRa and GRB. They

have different cartboxy temini and only GRa binds to

GR is a homone-activated transcription

cortisol " . “ Inactivated” GR rmesides primarily in the
cytoplasm associated with a multimeric complex of
chaperone proteins
( HSPs) .

conformational change (“ activation”),

including heat shock proteins
Upon steroid binding, GR undergoes a
dissociates
itself from the chaperone complex, and translocates to
the nucleus, where it either binds to glucocorticoid
response elements ( GREs) on DNA or interacts with
other transcriptional factors ° .
in hypothalamic CRH
corticotropesm]. In the human brain, the abundance
of GRB is far less than that of GRa''®', and GRs ar

. . . 12
very responsive to changes of cortisol concentrations >

GR is most abundant

neurons and pituitary

Survivors of GR knockout rats displayed hypertrophy
and hypemplasia of the adrenal glands, with corticoste -
and ACTH
“ switch off”

one production enhanced 3-fold, levels
increased 10-fold >’ .

cortisol production upon stress and thus maintains

GR appears to
homeostasis, the balance between stimulative and
inhibitory influences.

A set of studies have suggested that high levels of
GR in the brain can make the animal behave in a more
anxious or depressive manner and that, conversely,
blocking the receptors with an antagonist or knocking it
down in brin can make the animal appear less

anxious. For example, GR-dismupted mice not only

exhibited aberrant memories, but also adopted a
differential search strategy, as tested in a Morris water
(2 GR-dim /dim  mutants, a

maze = . In selective
22
observed 7.

impaiment of spatial memory was
Transgenic m ice expressing anti-sense RNA against GR
had a diminished, but not absent, GR function,
accompanied by a reduction in CRH neurons of the
corticoste rone

hypothalamus with no effect on
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leveld ',

gene in the mouse central nervous system

In contrast, complete inactivation of the GR
led to
increases in hypothalam ic CRH production and plasma

corticosterone concentrationd ', It is noteworthy that

both stmins of mice displayed a phenotype
chanmcterized by reduced anxiety, suggesting a role of
GR in regulating emotional behaviot™'. Further

studies indicate that GR is not only a regulator of stress
responsiveness but also a key controller of em otional
lability **! .

The above observations were confimed recently in
a line of mice with time-dependent, forebrain-specific
disuption of GR ( FBGRKO)'”"' using the Cre-loxP

[28]

system These mice developed a number of both

physiological and behavioral abnomalities that

mimicked major depressive disorder in humans,

including hyperactivity of the HPA axis, impaired
negative feedback mrgulation of the HPA axis, and
increased depression-like behavior. Importantly, a
number of these abnomalities are nomalized by
chronic tratment with the tricyclic anti-depressant,
im ipram in >’ .
As far as receptor pathology is concemed,
cumulative evidence suggests that neither cytosolic GR
levels nor its binding affinity to glucocorticoid were
alered in patients with PMD'”!'. A decrased GR
mRNA level was detected in the frontal cortex and
hippocampus of certain psychiatric subjects by one
group
others ™. Individuals with familial glucocorticoid
resistance had impaired HPA feedback and deficient
GR function leading to hypercorticoidism''*', for which
an altered GRa /GRB matio may be msponsible™’.
human GR

studies could not establish a clear

but the result could not be verified by

Furthe m ore, results of sevemal
polym orphism
linkage between amino acid substitutions or nucleotide
These

investigations imply that excessive HPA axis activity

changes in a number of psychiatric disorders >’ .

found in PMD patients is most likely a phenotypic or
functional deviation on the part of GR.
4 Treatment with GR antagonists

A couple of antirglucocorticoid strategies have
been employed in PMD therapy: (1) cortisol synthesis
inhibitors, such as metyrapone, am inoglutethim ide and
ke toconazole; and (2)
(DHEA) — a
glucocorticoid propertiesm].

dehydroepiandroste rone
steroid compound with anti-
In addition, a CRH

receptor antagonist —— R121919, that reduces the

release of ACTH and hence, the peripheral

corticosterone level, was shown to improve affective
. . . . . 33

in patients with major depressmn[ I
of these

psychotic  and

symptoms

However, the efficacy treatments in

hype rcortisolem ia non-psychotic
depressed patients were less than ideal™. A major
concem of using these medications relates to significant
side-effects, including the potential for adrenal
insufficiency and hepatic damage.

Another approach is the use of GR antagonists,
such as RU486 ( mifepristone), that does not inhibit
steroid biosynthesis but block GR actions at higher
doses. RU486 is a potent anti-progesterone and anti-
glucocorticoid  agent in  humans, and its
phamacological effects are realized via suppression of
and their
by which

RU486 exerts its antagonistic action, has been shown

the interaction between native ligands

respective receptors. The mechanism,
to be an active process ( rcmitment of co-repressors

during transcription )'**!, in addition to rceptor
blockade, as revealed by the three-dimensional crystal
hGR'™!. RU486

adm inistration, endocrine function is perturbed initially

structures of Follow ing
but a new balance within the HPA axis would soon be
established to adequately manage circulating levels of
RU486 and endogenous cortisol ' .

RU486 was successfully applied to the treatment

[37]

of Cushing’ s disease ~ . The efficacy was validated in

another group of patients who simultaneously developed
psychosis/depression and Cushing’ s syndrome* ™.
A prliminary study involving 8 patients with chronic,
non-psychotic depression was conducted in 1993.
RU486 (200 mg-* d' ), given omally for 8 weeks,
only achieved modest improvement in 3 of the 4
subjects . double-
blind, placebo-controlled, crossover study ( 600 mg*

d' x 4) in 5 patients with PMD'*’.  All patients
in their HAM-D
(Ham ilton Rating Scale for Depression) scores while
receiving RU486, and 4 of the 5 patients displayed

This was followed by a small,

showed substantial improvement

matked improvement in their BPRS ( Brief Psychotic
Thereafter, Belanoff and his
colleagues carried out an open-label trial in 30 PMD
patients with HAM-D scores of 18 or grater. The
subjects were random ly assigned to receive 50, 600, or
1 200 mg of RU486 once daily for 7 days, and all of
them completed the protocol. While side-effects were

Rating Scale) scomws.

mild and sporadic, patients in the two high dose groups
showed significant reduction in their symptoms within 7
days or less: 40% had a greater than 50% decrease in
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their HAM-D scores and over 60% demonstrated at
least a 30% reduction in BPRS scores. This approach
produced more mpid effects than atypical anti-
psychotic /anti-depressant combination therapy, and
These

separate,

was well accepted compared to ECT.
encouraging efficacy data led to two

random ized, double-blind, placebo-controlled clinical
trials (600 mg of RU486 daily x 7 plus 28-day follow-
up) enrolling approximately 400 in-patients. Patients
in the first trial were stabilized on existing medication
regimens prior to RU486 therapy while concom itant
treatment was not allowed in the second trial. Interim
data suggest that RU486 is markedly more likely than
placebo to effect a rapid and sustained remission in
PMD patients *' . another steroidal GR
antagonist, ORG34517, was studied side-by-side with
RU486.

superior to placebo or certain anti-depressants in

Meanwhile,

It was found that both compounds were

treating PMD in tems of onset of action and clinical
efficacies !

Latest investigations with 20 PMD subjects taking
no psychotropic medications demonstrate that 6-day
course of RU486 ( for 8 weeks) significantly improved
HAM-D and CGI ( clinical global impressions) scores
afterl week and between weeks 1 and 4, and BPRS
Although this study was not
blinded and without placebo control,

scores after 4 weeks.
the outcome
points to the clinical usefulness of relatively longer time
RU486 intervention in the absence of concom itant anti-
depressant adm inistration ¥’ .

Short-temm suppression of GR by RU486 helps to
reset a putative dysfunctional glucocorticoid negative
feedback mechanism in depressed patientd’’. High
levels of glucocorticoids activat GR and inhibit
neuronal excitability as GR activation may favor long-
term depression via potentiation suppression. It is
possible that RU486 antagonizes these actions and,
under conditions of high
in patients with PMD, schizophrenia,
This might be the
molecular basis by which GR antagonists exert their
the rapeutic effects on PMD.

Cymipristone ( Figure 1) was synthesized based
on the structure of RU486. It has a different metabolic
profile as oppose to that of RU486 when used in

cortisol, can improve
cognition

unipolar or bipolar disordet™’.

humans, with a
.. 45
act1v1t3) l

reproductive indication are still ongoing, it is expected

compamable GR antagonistic

Although multi-center clinical trials for a

that this new chem ical entity will soon be evaluated for

PMD the rapy.

Figure 1 Stmucture of cym ipristone

5 Perspective
There is a strong evidence to support the
hypothesis that PMD is a distinct syndrome. Statistically
significant differences exist between patients with
PMD, specifically exhibiting abnomalities in the HPA
axis activity and matkedly elevated cortisol levels, and
those with non-psychotic major depression. Regardless
of wvarious factors that lead to susceptibility to
depression, it is likely that the disease process sooner
or later engages the stress system. Stress in tum can
contribute to the deteriorating course of the illness.
Both overactivation and underactivation of the stress

response are damaging to humans, and effective

«

treatment of depression requires the “ resetting” of the
controlling mechanism( s) . This can often be achieved
through classical anti-depressants, but sometimes may
need direct intervention by altering specific molecular

components of the mrgulatory system to rmstor its

balance '’

PMD patients have a very low placebo response
rate, as well as poor msponse to anti-depressant
therapy  alone. Hypercortisolem ia, a  clinical
manifestation repeatedly demonstrated in many patients
with PMD, has led to the use of anti-glucocorticoid
agents for depression therapy. Some degree of efficacy
has been seen with these drugs, but not without serious
side-effects, such as hypoadrenalism and
hepatotoxicity. The introduction of anti-depressants
with novel mechanisms of action could potentially
and the

rationale of treating PMD patients with GR antagonists

revolutionize the treatment of depression,
is well-supported by both laboratory and clinical
experiences. Type II GR antagonists ar much morwr
specific than ECT. One such agent, RU486, is being
studied for the treatment of patients with PMD and has
been wreported to improve psychosis and depression
symptoms in random ized, controlled studies. Since GR
blockage or deprivation is also efficacious in major
depmssion[ B “ and bipolar
disordet*’, the dysfunction of the HPA axis may

schizoph renid
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prove to be a common feature in mentally ill patients

w ith

diverse clinical manifestations. Interventional

targets will include a variety of aspects along the

regulatory pathway of the HPA axis. New thempeutic

agents are currently being sought with the hope of

finding a more selective, efficacious and safe dug that

will improve the symptoms of psychosis that often leads

to suicide in this patient population.
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