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(57) ABSTRACT 

The present invention relates to a method of identifying 
compounds Which act as inverse agonists of the 5-HT2A 
receptor, the method comprising contacting a constitutively 
active 5-HT2A receptor With at least one test compound and 
determining any decrease in the level of basal activity of the 
receptor so as to identify a test compound Which is an 

inverse agonist of the 5-HT2A receptor. Such inverse ago 
nists may be used in the treatment of schizophrenia and 
related psychoses. 
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METHODS OF IDENTIFYING INVERSE 
AGONISTS OF THE SEROTONIN 2A RECEPTOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods of iden 
tifying compounds Which act as inverse agonists of the 
serotonin (5-HT) 2A receptor, methods of screening indi 
viduals having disorders putatively associated With consti 
tutively active 5-HT2A receptors, diagnostic test kits and 
methods of treatment for such individuals, methods of 
decreasing basal activity levels of the 5-HT2A receptor, and 
uses of inverse agonists as therapeutic agents for schiZo 
phrenia and psychosis. 

BACKGROUND OF THE INVENTION 

[0002] Schizophrenia is a devastating neuropsychiatric 
disorder that affects approximately 1% of the human popu 
lation. It is characteriZed by a constellation of symptoms: 
“positive” symptoms such as hallucinations and delusions; 
and “negative” symptoms such as social and emotional 
WithdraWal, apathy, and poverty of speech. The disorder 
usually develops early in life and is characteriZed by a 
chronic, often relapsing remitting course. Although the 
pathophysiology of this clinically heterogeneous disorder is 
unknoWn, genetic factors play a signi?cant role. It has been 
estimated that the total ?nancial cost for the diagnosis, 
treatment, and lost societal productivity of individuals 
affected by this disease exceeds 2% of the gross national 
product (GNP) of the United States. To date, there exist no 
de?nitive diagnostic tests for this disorder. Current treatment 
options available to psychiatrists primarily involve pharma 
cotherapy With a class of drugs knoWn as antipsychotics. 
Antipsychotics are effective in ameliorating positive symp 
tomotology, yet they frequently do not improve negative 
symptoms, and signi?cant, treatment-limiting side effects 
are common. 

[0003] Drugs that possess antipsychotic properties have 
been in clinical use since the early 1950’s. The ?rst com 
pound shoWn to possess this property Was chlorpromaZine, 
and many of the subsequent compounds Were derived from 
this phenothiaZine antipsychotic. Currently, nine major 
classes of antipsychotics have been developed and are 
Widely prescribed to treat psychotic symptoms irrespective 
of their etiology. Clinical use of these compounds are 
limited, hoWever, by their side effect pro?les. Nearly all of 
the “typical” or older generation compounds have signi?cant 
adverse effects on human motor function. These “extrapy 
ramidal” side effects, so termed due to their effects on 
modulatory human motor systems, can be both acute and 
chronic in nature. Acute effects include dystonic reactions, 
and a potentially life threatening but rare symptom constel 
lation, neuroleptic malignant syndrome. Chronic side effects 
include akathisias, tremors, and tardive dyskinesia, a move 
ment disorder characteriZed by involuntary Writhing move 
ments of the tongue and oral musculature seen With long 
term administration of these agents. Due in large part to 
these disabling side effects, drug development in this class 
of compounds has been focused on neWer “atypical” agents 
free of these adverse effects. 

[0004] Various hypotheses have been proposed concern 
ing the pathophysiology of schiZophrenia, including genetic, 
environmental, and developmentally based theories. Current 
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neuropharmacological theories are based, in large part, on 
the observation that antipsychotic drugs can improve the 
symptoms of schiZophrenia, coupled With our current 
knoWledge as to the mechanism of action of this class of 
drugs. Antipsychotic drugs have been shoWn, by both in 
vitro and in vivo methods, to interact With a large number of 
central monoaminergic neurotransmitter receptors, includ 
ing dopaminergic, serotonergic, adrenergic, muscarinic, and 
histaminergic receptors. It is likely that the therapeutic and 
adverse effects of these drugs are mediated by distinct 
receptor subtypes. 

[0005] The prevailing theory as to the mechanism of 
action of antipsychotic drugs involves antagonism of 
dopamine D2 receptors. This is based on the observation that 
these drugs have high af?nity for this receptor in vitro, and 
that a correlation exists betWeen their potency to block D2 
receptors and their clinical ef?cacy. Unfortunately, it is 
likely that antagonism of dopamine D2 receptors also medi 
ates the disabling extrapyramidal side effects. Interestingly, 
some antipsychotic drugs have been shoWn not to possess 
high af?nity for D2 receptors, and therefore an alternate 
mechanism must be responsible for their clinical effects. The 
only other consistent receptor interaction that these drugs as 
a class display is antagonism of 5-HT2A receptors, suggest 
ing that antagonism of these receptors is an alternate 
molecular mechanism that confers antipsychotic ef?cacy. 

[0006] The observation that many of these drugs are 
antagonists of 5-HT2A receptors has led investigators to 
postulate that schiZophrenia might be caused by heightened 
or exagerrated signal transduction through serotonergic sys 
tems. This theory is bolstered by a number of basic scienti?c 
and clinical observations regarding serotonergic systems 
and the 5-HT2A receptor in particular. Firstly, in addition to 
the knoWn antipsychotics in Widespread clinical usage, 
research compounds (eg ritanserin) that selectively block 
5-HT2A receptors (With respect to D2 receptors) have also 
been shoWn to possess antipsychotic activity. Secondly, the 
5-HT2A receptor mRNA and protein have been shoWn to be 
expressed in neural systems that mediate higher cognitive 
and affective functions, including the cerebral cortex, hip 
pocampus, and amygdala. Thirdly, some of the positive 
symptoms that characteriZe the disease can be mimicked in 
normal individuals by the ingestion of the hallucinogenic 
indolamine lysergic acid diethylamide (LSD). It is knoWn 
that LSD and similar hallucinogens exert their psychogenic 
effects, in part, through the activation of 5-HT2A receptors. 
G-protein coupled neurotransmitter receptors (GPCR’s), 
including the 5-HT2A receptor, function as transducers of 
intercellular communication. Traditionally, these receptors 
have been assumed to exist in a quiescent state unless 
activated by the binding of an agonist (a drug that activates 
a receptor). When activated, receptors interact With G-pro 
teins, resulting in the generation, or inhibition of, second 
messenger molecules such as cyclic AMP, inositol phos 
phates, and diacylglycerol. These second messengers then 
modulate the function of a variety of intracellular enZymes, 
including kinases and ion channels, Which ultimately deter 
mine neuronal excitability and neurotransmitter release. 

[0007] Over the last feW years some fundamental obser 
vations have been made relating to Ways in Which these 
receptor molecules function. One of the most important of 
these has been the identi?cation and characteriZation of 
constitutively active receptors. It is noW appreciated that 
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many, if not most, of the GPCR monoamine receptors can 
exist in a partially activated state in the absence of their 
agonists. This increased basal activity can be inhibited by a 
class of drugs aptly named inverse agonists, in that they 
function as the inverse of agonists. Inverse agonists differ 
mechanistically from classic (or neutral) antagonists. 
Antagonists compete against agonists and inverse agonists 
for access to the receptor, but do not possess the intrinsic 
ability to inhibit elevated basal or constitutive receptor 
responses. 

[0008] Multiple lines of experimental evidence support 
the hypothesis that constitutively active neurotranritter 
receptors may exist in the central nervous system and be 
causative for human neuropsychiatric disease. Constitutive 
activity has been observed With neurotransmitter receptors 
mutated in vitro. For instance, S. Cottechia et al. (Proc. Natl. 
Acad. Sci. USA 87, 1990, pp. 2896-2900) made constitu 
tively active chimeric ot-1 adrenergic receptor by replacing 
the third intracytoplasmic loop of the receptor With that of 
the [3-2 adrenergic receptor. Also, P. Samama et al. (J. Biol. 
Chem. 268, 1993, pp. 4625-4636) generated a constitutively 
active [3-2 receptor by replacing four amino acid residues in 
the C-terminal region of the third intracytoplasmic loop With 
analogous residues from the ot-1B receptor. Point mutations 
have been introduced into the muscarinic m5 receptor by 
random saturation mutagenesis S. Burstein et al., Bio 
chem. Pharmacol. 51, 1996, pp. 539-544; T. A. Spalding et 
al., J. Pharm. Exp. Ther. 275, 1995, pp. 1274-1279), result 
ing in more than 40 mutants that exhibit varying degrees of 
constitutive activity. The relative ease With Which these 
receptors may be mutated to a constitutively active form 
suggests that constitutively active receptors may occur spon 
taneously in nature With a high frequency. 

[0009] A strong argument for the potential contribution of 
constitutively active receptors to human neuropsychiatric 
disease Would be the ?nding that similar mutations are 
causative in other human diseases. Mutations in the G-pro 
tein coupled receptor gene family are common and are 
increasingly recogniZed to cause a number of human dis 
eases. Most of these mutations are single nucleotide or point 
mutations that alter the structure and function of the receptor 
molecules. For instance, point mutations in the receptors 
rhodopsin and vasopressin (J. Nathans, Cell 78, 1994, pp. 
357-360; W. Rosenthal et al., Nature 359, 1992, pp. 233 
235) cause reading frame shifts, prematurely terminating 
translation of these proteins, resulting in non-functioning 
receptors that subsequently cause color blindness and neph 
rogenic diabetes insipidus, respectively. Robinson and col 
leagues (P. R. Robinson et al., Neuron 9, 1992, pp. 719-725) 
characteriZed the ?rst mutation in a human G-protein 
coupled receptor that resulted in constitutive activation of 
the receptor and caused human disease. They found that 
When the amino acid Lys296 Was mutated to Glu in the 
visual pigment rhodopsin, it Was able to activate the G-pro 
tein transducin in the absence of light (its natural “agonist”). 
This particular mutation causes a particularly severe pheno 
type of retinitis pigmentosa (T. J. Keen et al., Genomics 11, 
1991, pp. 199-205). 

[0010] The number of constitutively active receptors that 
cause human disease is expanding. Multiple endocrinologi 
cal and oncological disorders are caused by mutations that 
give rise to constitutively active receptors. These mutations 
have been shoWn to occur as a result of both spontaneous 
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somatic events and as inherited germ line defects. A single 
point mutation in the luteiniZing hormone receptor (Asp578 
Gly), Which causes male-linked precocious puberty, has 
been shoWn to be familial in caucasian populations (A. 
Shenker et al., Nature 365, 1993, pp. 652-654) and sporadic 
in Japanese populations Yano et al., J. Clin. Endocrin. 
Metab. 79, 1994, pp. 1818-1823). TWo different point muta 
tions in the parathyroid hormone receptor confer constitutive 

activity and cause Jansen’s metaphyseal chondroplasia Schipani et al., New Eng. J. Med. 335, 1996, pp. 708-714; E. 

Schipani et al., Science 268, 1995, pp. 98-100). Further 
more, tWo activating mutations Were found in the thyrotro 
pin receptor, both of Which Were found to cause many 
sporadic thyroid adenomas (J. Parma et al., Nature 365, 
1993, pp. 649-651). Taken together, these data attest to the 
Widespread biological signi?cance of constitutively active 
receptors and their role in human disease. It is, therefore, 
highly likely that constitutively active G-protein coupled 
receptors exist in the human nervous system and mutations 
in these neurotransmitter receptors, including the 5-HT2A 
receptor, may cause human neuropsychiatric disease. 

[0011] Constitutive activity has been described for a groW 
ing number of G-protein coupled neurotansmitter receptors. 
The dopamine D2 receptor has been reported to be consti 
tutively active, and some antipsychotic compounds have 
been described as inverse agonists, although many of these 
compounds appear to be classical antagonists (Nilsson, C. 
L., et al., Neuropsychopharmacology 15, 1996, pp. 53-61; 
Hall, D. A. and Strange, P. G.,Brit. J. Pharm., 121, 1997, pp. 
731-736) Similarly, of the thirteen knoWn serotonin receptor 
subtypes, only three have been shoWn to possess constitutive 
activity, the 5-HT1A, 5-HT1D and 5-HT2C receptors. For 
example, E. L. Barker et al. (J. Biol. Chem. 269, 1994, pp. 
11687-11690) describe an in vitro assay in Which the Wild 
type 5-HT2C receptor displays constitutive activity. They 
further report that certain classically de?ned antagonists of 
the receptor, actually act as inverse agonists. 

[0012] The creation of an activated 5-HT2A receptor by 
mutagenesis Was recently described (Egan, C., T., et., al., J. 
Pharm. Exp. Ther. 286(1), 1998, pp. 85-90). Altering amino 
acid 322 from the Wild type cysteine to lysine, glutamate, or 
arginine created activated 5-HT2A receptor mutants. This 
amino acid Was chosen because it is analogous to the 
activating mutation produced in the alb receptor (Kjelsberg, 
M. A., et al., J. Biol. Chem. 267(3), 1992, pp. 1430-1433). 
The activated 5-HT2A receptor displayed measurable con 
stitutive activity, and six antipsychotics Were shoWn to be 
inverse agonists (Egan, C. T., ibid.; and Egan, C. T., et al., 
Annals NYAcad. Sci., 1999, pp. 136-139). These authors 
Were unable to measure the constitutive activity of the Wild 
type receptor in their assay, and an insuf?cient number of 
clinically relevant compounds comprising the various 
chemical classes of antipsychotics Were tested. This pre 
cluded the authors from recogniZing the signi?cance of 
5-HT2A receptor inverse agonism and ef?cacy as an antip 
sychotic. 

SUMMARY OF THE INVENTION 

[0013] Since 5-HT2A receptors may be critical mediators 
of antipsychotic drug activity, and as the exact nature of this 
interaction (antagonism vs. inverse agonism) is poorly 
understood, many antipsychotic compounds have been 
tested for their functional activity at this receptor. It has 
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surprisingly been found that the 5-HT2A receptor is consti 
tutively active in the assay described in the present speci 
?cation, and that nearly all antipsychotic drugs are inverse 
agonists of this receptor. The striking correlation betWeen 
antipsychotic efficacy and inverse agonism of the 5-HT2A 
receptor argues that inverse agonism of this receptor is a 
fundamental molecular mechanism of action of this class of 
drugs. This observation has practical applications in the 
development of novel antipsychotic agents With more favor 
able side effect pro?les as Well as potentially broader ef? 
cacy against the negative symptomotology of psychotic 
disorders. This ?nding also has important implications for 
the pathophysiology, diagnosis and management of schiZo 
phrenia and related psychoses. 

[0014] Accordingly, the present invention relates in one 
aspect to a method of identifying a compound Which acts as 
an inverse agonist of the 5-HT2A receptor, the method 
comprising contacting a constitutively active 5-HT2A recep 
tor With at least one test compound and determining any 
decrease in the level of basal activity of the 5-HT2A receptor 
so as to identify a test compound Which is an inverse agonist 
of the 5-HT2A receptor. In a related aspect, this method is 
used to identify compounds useful in the treatment of 
schiZophrenia or psychosis. 

[0015] In another aspect, the invention relates to a method 
of identifying a mutation in the 5-HT2A receptor gene, the 
mutation being suspected of conferring constitutive activity 
on the receptor, the method comprising: 

[0016] (a) extracting nucleic acid from a biological 
sample obtained from an individual having a disor 
der or condition putatively associated With constitu 
tive activity of the 5-HT2A receptor; 

[0017] (b) preparing cDNA from the extracted 
nucleic acid; 

[0018] (c) selecting from the cDNA in step (b) cDNA 
encoding the 5-HT2A receptor; 

[0019] (d) transfecting a cell With an expression 
vector comprising said selected cDNA; 

[0020] (e) selecting a cell expressing constitutively 
active 5-HT2A receptor; and 

[0021] sequencing the cDNA in said selected cell 
to detect the mutation(s). 

[0022] In a further aspect, the invention relates to a 
method of diagnosing a disorder or condition, or a suscep 
tibility to a disorder or condition, associated With constitu 
tive activity of the 5-HT2A receptor, the method comprising: 

[0023] (a) obtaining a biological sample from an 
individual putatively affected by or susceptible to a 
disorder or condition associated With constitutive 
activity of the 5-HT2A receptor, 

[0024] (b) isolating from said biological sample a 
nucleic acid sequence encoding said receptor, or a 
portion of said nucleic acid sequence corresponding 
to the portion of the gene identi?ed to include 
mutation(s) by the mutation identi?cation method 
described above; and 

[0025] (c) detecting the presence or absence of the 
mutation(s) in said nucleic acid sequence or said 
portion thereof. 
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[0026] The presence of one or more mutations in the 
nucleic acid sequence may, for example, be detected by 
sequencing the nucleic acid sequence and comparing it With 
a sequence knoWn or previously identi?ed to contain muta 

tion(s). 
[0027] In another aspect, the present invention relates to a 
test kit for detecting mutation(s) in the gene encoding the 
5-HT2A receptor, said mutations giving rise to constitutive 
activity of the 5-HT2A receptor, the test kit comprising a 
nucleic acid sequence corresponding to a portion of the gene 
identi?ed by the mutation identi?cation method described 
above to include at least one mutation. 

[0028] Furthermore, the present invention relates to a 
method of decreasing the basal activity level of the 5-HT2A 
receptor in a subject in need thereof, the method comprising 
contacting a 5-HT2A receptor in said subject With an inverse 
agonist of the 5-HT2A receptor in an amount effective to 
substantially decrease the level of basal activity of said 
receptor. In a preferred embodiment, the inverse agonist is 
selective for the 5-HT2A receptor (i.e., has at least about ten 
times greater af?nity for the 5-HT2A receptor than for at 
least one other neurotransmitter receptor). In another pre 
ferred embodiment, the inverse agonist of the 5-HT2A 
receptor has little or substantially no anti-dopaminergic 
activity. In a related aspect, the invention relates to a method 
of decreasing serotonergic neurotransmission through the 
5-HT2A receptor, the method comprising contacting a 
5-HT2A receptor With an inverse agonist of the 5-HT2A 
receptor in an amount effective to substantially decrease the 
level of basal activity of said receptor. 

[0029] In another aspect, the present invention relates to a 
method of ameliorating symptoms of schiZophrenia or psy 
chosis in a subject in need thereof, the method comprising 
administering to the subject a therapeutically effective 
amount of an inverse agonist of the 5-HT2A receptor. 

[0030] In yet other aspects, the invention relates to use of 
an inverse agonist of the 5-HT2A receptor for the prepara 
tion of a medicament for substantially decreasing the basal 
activity level of a constitutively active 5-HT2A receptor. 
Preferably, in this use, the inverse 5-HT2A agonist is selec 
tive for the 5-HT2A receptor. In another embodiment relat 
ing to such use, the inverse agonist of the 5-HT2A receptor 
has little or substantially no anti-dopaminergic activity. The 
invention also relates in certain aspects to use of a 5-HT2A 
receptor to identify compounds acting as inverse agonists at 
said receptor, as Well as use of a 5-HT2A receptor to identify 
a compound acting as an inverse agonist at said receptor and 
useful in the treatment of schiZophrenia or psychosis. 

[0031] The present disclosure represents the ?rst reported 
measurement of the constitutive activity of the Wild type 
(non-mutated) human 5-HT2A receptor and correlation of 
the molecular property of inverse agonism at this receptor 
With antipsychotic ef?cacy. Since most mutations in 
GPCR’s have been shoWn to alter their binding and coupling 
characteristics, the ability to measure intrinsic activity at the 
Wild type receptor, and to use this receptor in assay for drug 
discovery is critical. 

[0032] Inverse agonists of the 5-HT2A receptor, as iden 
ti?ed by the present methods, may be used to alleviate or 
treat disorders or conditions associated With constitutive 
activity of the 5-HT2A receptor. It is anticipated that com 
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pounds that are inverse agonists of the 5 -HT2A receptor Will 
be less likely to cause extrapyramidal side effects than many 
of the typical antipsychotics in current use. In particular, 
compounds that are selective for the 5-HT2A receptor, in 
that they exhibit little or no anti-dopaminergic activity, are 
expected to have feWer extrapyramidal side effects. Further 
more, inverse agonists may be useful in the alleviation or 
treatment of the negative symptoms of schiZophrenia. This 
is supported by the fact that some of the “atypical” antip 
sychotics, Which are described herein to act as inverse 
agonists at the 5-HT2A receptor, have been reported to have 
bene?cial effects on negative symptoms. 

[0033] De?nitions 

[0034] A “test compound” is intended to include any drug, 
compound or molecule With potential biological activity. 

[0035] “Constitutive activity” is de?ned as the elevated 
basal activity of a receptor Which is independent of the 
presence of an agonist. Constitutive activity of a receptor 
may be measured using a number of different methods, 
including cellular (e.g., membrane) preparations (see, e.g., 
A. J. Barr and D. R. Manning, J. Biol. Chem. 27Z, 1997, pp. 
32979-32987), puri?ed reconstituted receptors With or With 
out the associated G-protein in phospholipid vesicles (R. A. 
Cerione et al., Biochemistry 23, 1984, pp. 4519-4525), and 
functional cellular assays (described herein). 

[0036] An “inverse agonist” is de?ned as a compound 
Which decreases the basal activity of a receptor (i.e., signal 
transduction mediated by the receptor). Such compounds are 
also knoWn as negative antagonists. 

[0037] An “antagonist” is de?ned as a compound Which 
competes With an agonist or inverse agonist for binding to a 
receptor, thereby blocking the action of an agonist or inverse 
agonist on the receptor. HoWever, an antagonist (also knoWn 
as a “neutral” antagonist) has no effect on constitutive 
receptor activity. 

[0038] The “5-HT2A receptor” is de?ned as the human 
serotonin receptor subtype characteriZed through molecular 
cloning and pharmacology as detailed in SaltZman, A G., et 
al., Biochem. Biophys. Res. Comm. 181(3), pp. 1469-1478; 
and Julius, D., et al., Proc. Natl. Acad. Sci. 87, pp. 928-932. 

[0039] “Transfection” is de?ned as any method by Which 
a foreign gene is inserted into a cultured cell. 

[0040] A “biological sample” indicates a sample of tissue 
or body ?uid obtained from a subject. Biological samples 
relevant to obtaining 5-HT2A receptors include, but are not 
limited to, blood, serum (5-HT2A receptors being present in 
platelets) and/or brain tissue, Within Which the receptor 
genes are knoWn to be expressed in identical forms. 

[0041] The term “subject” refers to an animal, preferably 
a mammal, most preferably a human, Who is the object of 
treatment, observation or experiment. 

[0042] The term “therapeutically effective amount” is 
used to indicate an amount of an active compound, or 
pharmaceutical agent, that elicits the biological or medicinal 
response indicated. This response may occur in a tissue, 
system, animal or human that is being sought by a 
researcher, veterinarian, medical doctor or other clinician, 
and includes alleviation of the symptoms of the disease 
being treated. 
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[0043] The terms “selectivity” or “selective,” When used 
in the context of inverse agonists of 5-HT2A, are used to 
indicate compounds having at least approximately 10-fold 
higher af?nity for the 5 -HT2A receptor subtype than toWards 
at least one, and preferably more than one, other neurotrans 
mitter receptor. 

[0044] EC50 for an agonist is intended to denote the 
concentration of a compound needed to achieve 50% of a 
maximal response seen in R-SAT. For inverse agonists, 
EC50 is intended to denote the concentration of a compound 
needed to achieve 50% inhibition of an R-SAT response 
from basal, no compound, levels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIG. 1 shoWs the dose response relationship for 
serotonin at the 5-HT2A receptor as observed in R-SAT 
assays. Responses are plotted as the change in absorbance 
measured at 420 mm. Ten serial 1:5 dilutions of serotonin 
starting from 5 M Were tested. The squares depict the 
response of the 5 -HT2A using the PSI® expression vector at 
a DNA concentration of 5 ng per Well. The triangle depicts 
the response to 1 pM ritanserin. Data are from duplicate 
determinations at each drug concentration, Where the error 
bars denote the standard error of the mean. The EC50 for 
serotonin is 7 nM. Note the elevated basal activity of this 
receptor as documented by the inhibition beloW baseline 
seen With the inverse agonist ritanserin. 

[0046] FIG. 2 shoWs the dose response relationship at the 
5-HT2A receptor for the inverse agonist ritanserin as deter 
mined using R-SAT analysis. Responses are plotted as the 
change in absorbance measured at 420 nm. Ten serial 1:5 
dilutions of drug starting from 5 pM Were tested. The 
squares depict the data obtained for ritanserin, While the 
triangle denotes the basal, no drug, response. Data are from 
duplicate determinations at each drug concentration, Where 
the error bars denote the standard error of the mean. The 
EC50 for ritanserin is 140 pM. Ritanserin displays high 
af?nity negative intrinsic activity at the 5-HT2A receptor. 

[0047] FIG. 3 shoWs the dose response relationship for 
tWo representative antipsychotics as inverse agonists of the 
5-HT2A receptor as determined by R-SAT analysis. 
Responses are plotted as the change in absorbance measured 
at 420 nm. Ten serial 1:5 dilutions of drug staring from 5 M 
Were tested. The squares depict the data obtained for halo 
peridol in (A), and risperidone in (B), While the triangles 
denote the basal, no drug, response. Data are from duplicate 
determinations at each drug concentration, Where the error 
bars denote the standard error of the mean. The EC50 values 
are 120 nM for haloperidol and 1 pM for risperidone, 
respectively. 
[0048] FIG. 4 shoWs the chemical structures of tWo rep 
resentative compounds identi?ed as inverse agonists of the 
5 -HT2A receptor using the screening methods of the present 
invention. Compound AC121394, Which is haloperidol-like, 
and compound AC116399, Which is tricyclic-like, Were 
identi?ed out of a library comprising 135,000 structurally 
diverse organic compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] In one embodiment, a method of identifying a 
compound Which acts as an inverse agonist of the 5-HT2A 
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receptor comprises contacting a constitutively active 
5-HT2A receptor With at least one test compound and 
determining any decrease in the level of basal activity of the 
5-HT2A receptor so as to identify the test compound(s) 
Which act as inverse agonists of the 5-HT2A receptor. This 
method may be used to identify compounds useful in the 
treatment of schiZophrenia or psychosis. 

[0050] In a preferred embodiment, a method of identifying 
a compound Which acts as an inverse agonist of the serotonin 
5-HT2A receptor comprises: 

[0051] (a) culturing cells Which express a constitu 
tively active 5-HT2A receptor; 

[0052] (b) incubating the cells With at least one test 
compound; and 

[0053] (c) determining any decrease in basal activity 
level of the 5-HT2A receptor so as to identify a test 
compound Which is an inverse agonist of the 
5-HT2A receptor. 

[0054] Where a mutation in the gene encoding the 
5-HT2A receptor is suspected of conferring constitutive 
activity on the receptor, a method of identifying a mutation 
in the 5-HT2A receptor gene comprises: 

[0055] (a) extracting nucleic acid from a biological 
sample obtained from an individual having a disor 
der or condition putatively associated With constitu 
tive activity of the 5-HT2A receptor; 

[0056] (b) preparing cDNA from the extracted 
nucleic acid; 

[0057] (c) selecting from the cDNA in step (b) cDNA 
encoding the 5-HT2A receptor; 

[0058] (d) transfecting a cell With an expression 
vector comprising said selected cDNA; 

[0059] (e) selecting a cell expressing constitutively 
active 5-HT2A receptor; and 

[0060] sequencing the cDNA in said selected cell 
to detect the mutation(s). 

[0061] The extracted nucleic acid is preferably RNA, from 
Which cDNA may be prepared by reverse transcription. The 
cDNA Which encodes the 5-HT2A receptor is preferably 
ampli?ed using oligodeoxynucleotide probes speci?c to the 
5-HT2A receptor gene (i.e., based on the knoWn sequence of 
the gene). 

[0062] The present invention also provides a method of 
diagnosing a disorder or condition, or a susceptibility to a 
disorder or condition, associated With constitutive activity of 
the 5-HT2A receptor. This method comprises: 

[0063] (a) obtaining a biological sample from an 
individual putatively affected by or susceptible to a 
disorder or condition associated With constitutive 
activity of the 5-HT2A receptor; 

[0064] (b) isolating from said biological sample a 
nucleic acid sequence encoding said receptor, or a 
portion of said nucleic acid sequence corresponding 
to the portion of the gene identi?ed to include 
mutation(s) by the mutation identi?cation method 
described above; and 
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[0065] (c) detecting the presence or absence of the 
mutation(s) in said nucleic acid sequence or said 
portion thereof. 

[0066] The presence of such mutations in the nucleic acid 
sequence may, for example, be detected by sequencing the 
nucleic acid sequence and comparing it With a sequence 
knoWn or previously identi?ed to contain mutation(s). 

[0067] The present invention also provides a test kit for 
detecting mutation(s) in the gene encoding the 5-HT2A 
receptor, Wherein the mutations give rise to constitutive 
activity of the 5-HT2A receptor. The test kit comprises a 
nucleic acid sequence corresponding to a portion of the gene 
identi?ed by the mutation identi?cation method described 
above to include at least one mutation. 

[0068] The present invention also provides a method of 
decreasing the basal activity level of the 5-HT2A receptor in 
a subject in need thereof. This method comprises contacting 
a 5-HT2A receptor in said subject With an inverse agonist of 
the 5-HT2A receptor in an amount effective to substantially 
decrease the level of basal activity of said receptor. In a 
preferred embodiment, the inverse agonist is selective for 
the 5-HT2A receptor. In another preferred embodiment, the 
inverse agonist of the 5-HT2A receptor has little or substan 
tially no anti-dopaminergic activity. 

[0069] Transfection of cells in the present invention may 
be performed according to any of numerous methods knoWn 
in the art. In general, DNA sequences encoding the 5-HT2A 
receptor may be inserted into suitable cloning vectors Which 
may conveniently be subjected to recombinant DNA proce 
dures. These vectors may be autonomously replicating, i.e., 
vectors Which exist as extrachromosomal entities, the rep 
lication of Which are independent of chromosomal replica 
tion (e.g., plasmids). Alternatively, these vectors may be 
ones Which, When introduced into a host cell, are integrated 
into the host cell genome and replicate together With the 
chromosome(s) into Which they have been integrated. 

[0070] The DNA sequences encoding the 5-HT2A recep 
tor may suitably be derived from sample genomic DNA, or 
cDNA that has been reverse transcribed from sample RNA, 
in accordance With Well-established molecular biological 
techniques (e.g., as described in Sambrook et al., Molecular 
Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Har 
bor Laboratory, Cold Spring Harbor, NY, 1989). 

[0071] When transfected, the DNA sequence encoding the 
5-HT2A receptor should be operably connected to a suitable 
promoter sequence. The promoter may be any DNA 
sequence Which shoWs transcriptional activity in the host 
cell of choice and may be derived from genes encoding 
proteins either homologous or heterologous to the host cell. 
An example of a suitable promoter is the SV40 promoter 
(Subramani et al., Mol. Cell Biol. 1, 1981, pp. 854-864). 

[0072] The DNA sequence encoding the 5-HT2A receptor 
may also be operably connected to a suitable terminator, 
such as the human groWth hormone terminator (Palmiter et 
al.). The vector may further comprise elements such as 
polyadenylation signals (e.g., from SV40 or the adenovirus 
5 Elb region), transcriptional enhancer sequences (e.g., the 
SV40 enhancer) and translational enhancer sequences (e.g., 
those encoding adenovirus VA RNAs). 

[0073] The vector may further comprise a DNA sequence 
enabling the vector to replicate in the host cell in question. 
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An example of such a sequence (When the host cell is a 
mammalian cell) is the SV40 origin of replication. 

[0074] The procedures used to ligate the DNA sequences 
encoding the 5-HT2A receptor, the promoter and the termi 
nator, respectively, and the procedures used to insert them 
into suitable vectors containing the information necessary 
for replication, are Well knoWn to persons skilled in the art 
(see, e.g., Sambrook et al., supra). 

[0075] Cells Which may be used in the present method 
include any cells capable of mediating signal transduction 
via the 5-HT2A receptor, either via endogenous expression 
of this receptor (e.g., certain types of neuronal cells lines that 
natively express the 5-HT2A receptor), or folloWing trans 
fection of cells With plasmids containing the 5 -HT2A recep 
tor gene. Such cells are typically mammalian cells (or other 
eukaryotic cells, such as insect cells or Xenopus oocytes), 
because cells of loWer life forms generally lack the appro 
priate signal transduction pathWays for the present purpose. 
Examples of suitable cells include: the mouse ?broblast cell 
line NIH 3T3 (ATCC CRL 1658), Which responds to trans 
fected 5-HT2A receptors by stimulating groWth (described 
herein); RAT 1 cells (Pace et al., Proc. Natl. Acad. Sci. USA 
88, 1991, pp. 7031-7035); and pituitary cells (Vallar et al., 
Nature 330, 1987, pp. 556-558). Other useful mammalian 
cells for the present method include HEK 293 cells, CHO 
cells and COS cells. 

[0076] Methods of transfecting mammalian cells and 
expressing DNA sequences introduced in the cells are 
described in, e.g., Kaufman and Sharp, J. Mol. Biol. 159 
1982, pp. 601-621; Southern and Berg, J. Mol. Appl Genet. 
1, 1982, pp. 327-341; Loyter et al., Proc. Natl. Acad. Sci. 
USA 79, 1982, pp. 422-426; Wigler et al., Cell 14, 1978, p. 
725; Corsaro and Pearson, Somatic Cell Genetics 7, 1981, 
p. 603; Graham and van der Eb, Virology 52, 1973, p. 456; 
Neumann et al., EMBO J. 1, 1982, pp. 841-845; and Wigler 
et al., Cell 11, 1977, pp. 223-232. 

[0077] The screening assay used in the present method 
may include any functional assay that Would re?ect 5-HT2A 
receptor activity in, for instance, membrane preparations or 
living cells, mammalian and non-mammalian, in response to 
a ligand (agonist, antagonist and, inverse agonists) and, in 
particular, an assay suited for detecting constitutive activity 
of receptors. Examples of suitable assay systems include 
those using insect cells (such as cells of Spodoptera fru 
gipera'a, Sf9, transfected With baculovirus vector carrying 
the receptor gene (e.g., as described in A. J. Barr and D. R. 
Manning, J. Biol. Chem. 272, 1997, pp. 32979-32987; J. L. 
Hartman and J. K. Northup, J. Biol. Chem. 271, 1996, pp. 
22591-22597; J. Labrecque et al., Mol. Pharmacol. 48, 
1995, pp. 150-159)), or Xenopus oocytes expressing cloned 
receptors (e.g., as described in Y. G. Ni and R Miledi, Proc. 
Natl. Acad. Sci. USA 94, 1997, pp. 2036-2040), or HEK293 
cells transiently expressing cloned receptors (e.g., as 
described in M. Tiberi and M. Caron, J. Biol. Chem. 269, 
1994, pp. 27925-27931), or CHO cells (e.g., as described in 
A. NeWman-Tancredi et al., Neuropsychopharmacology 18, 
1998, pp. 396-398). A preferred assay is the Receptor 
Selection and Ampli?cation Technology (R-SAT) assay dis 
closed in US. Pat. No. 5,707,798, the disclosure of Which is 
hereby incorporated by reference in its entirety. 

[0078] Although the constitutive activity of the 5-HT2A 
receptor may, in certain assays, be detected in itself, it may 
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be more suitable in other instances to overexpress the 
receptor to augment basal signaling and improve the sensi 
tivity of detection of inverse agonism. Over-expression of 
receptors in cultured cells, as Well as transgenic animals, has 
been shoWn to result in increased constitutive activity of the 
receptor (G. Milligan et al., TIPS 16, pp. 10-13; S. A. Akhter 
et al. J. Biol. Chem. 272(34), pp. 21253-21259). Over 
expression may be experimentally accomplished by using an 
excess of plasmid DNA encoding receptors When transfect 
ing cells as part of functional assays of cloned monoamine 
receptor subtypes. The excess of DNA may vary from one 
assay to the next but may, in the currently preferred assay, 
be approximately 10-fold in excess of that required to 
provide measurable signaling. 

[0079] Attempts have been made to link neurotransmitter 
receptors to neuropsychiatric diseases, primarily by identi 
fying polymorphisms in the receptor genes by methods 
including restriction fragment length polymorphism 
(RFLP), single strand conformational polymorphism 
(SSCP) and multipoint, parametric and non-parametric 
methods of linkage analysis. For example, the various 
dopamine receptors have been shoWn to possess multiple 
polymorphic variants in the human population. H. M. 
Van Tol et al., Nature 342, 1992, pp. 149-152; N. Craddock 
et al., Psychiat. Genet. 5, 1989, pp. 63-65). HoWever, 
attempts at associating those polymorphisms With neurop 
sychiatric disease are unlikely to succeed because there is no 
credible evidence that the polymorphisms have functional 
signi?cance. Therefore, the present method of identifying 
mutant receptors represents a substantial advantage in that it 
identi?es only functionally altered mutants. These pheno 
typically distinct receptors are much more likely to be 
related to human disease. 

[0080] Thus, the present diagnostic methods are amenable 
to screening human populations for mutant 5 -HT2A receptor 
genes that create a constitutively active phenotype. As the 
human 5-HT2A receptor gene contains introns (A. G SaltZ 
man et al., supra), ampli?cation of receptor DNA Will 
typically be carried out by reverse transcriptase-based PCR 
(RT-PCR; e.g., as described in Elion, E. A., Current Proto 
cols in Molecular Biology, 1998; F. M. Ausebel et al., EDS, 
pp. 3.17.1-3.17.10). This method creates a representative 
cDNA pool from an individual’s RNA that is extracted from 
suitable samples (e.g., serum or brain tissue) and ampli?es 
the receptor gene using oligonucleotide probes based on the 
knoWn sequence of the gene. The resulting PCR products are 
then subcloned into mammalian expression vectors, and 
competent bacteria such as E. coli are subsequently trans 
formed. Bacterial cultures are inoculated during transforma 
tion, thereby ensuring that the DNA isolated from this 
culture represents a mixture of plasmids that contains copies 
of both alleles of the ampli?ed 5-HT2A receptor gene. 
Phenotypic cellular assays (including R-SAT), select for 
only those cells transfected With plasmids that encode func 
tional receptors, as only these cells Will transduce mitogenic 
signals and continue to groW. If the transfected receptor 
cDNA harbors a mutation that confers a constitutively active 
phenotype, this is detectable by the presence of higher levels 
of basal receptor activity measured in the assay and veri?ed 
by incubation of these transfected cells With a knoWn inverse 
agonist (eg as described in the Example beloW). 

[0081] After a constitutively active 5-HT2A receptor has 
been identi?ed in the assay, a formal characteriZation of the 
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mutation responsible for this phenotype is carried out. For 
example, an aliquot of the original ligation reaction from all 
patients in Whom a constitutively active receptor has been 
identi?ed by screening is used to re-transform competent 
bacteria, and individual clones are selected. The individual 
clones are then groWn in larger quantities and plasmid DNA 
is extracted according to any of various methods knoWn in 
the art. Restriction enZyme digestions Will identify 5-HT2A 
gene-containing constructs, and a number of these are then 
subjected to automated DNA sequencing. 

[0082] Mutant 5-HT2A receptors, identi?ed by the present 
method, may be included in a test kit for detecting muta 
tion(s) in the gene encoding the 5-HT2A receptor. Such a 
test kit may conveniently comprise a nucleic acid sequence 
corresponding to a portion of the gene encoding the 5-HT2A 
receptor comprising at least one mutation identi?ed by the 
present method to give rise to constitutive activity of the 
receptor. 

[0083] A suitable in vivo experimental system for valida 
tion of both the physiological role of constitutively active 
5-HT2A receptors, and the effects of selective 5-HT2A 
inverse agonists as therapeutic agents, is a transgenid animal 
model in Which constitutive signaling through the 5-HT2A 
receptor has been achieved. Transgenic animals, preferably 
mice, may for instance be generated by tWo distinct 
approaches: 1) brain-speci?c over-expression of Wild-type 
human 5-HT2A receptors; and 2) regulated expression of a 
constitutively active 5-HT2A receptor mutant. Both 
approaches rely upon standard molecular biological tech 
niques knoWn to those skilled in the art. 

[0084] Brie?y, the ?rst approach involves subcloning of 
the Wild type human 5-HT2A receptor gene into an appro 
priate transgenic vector, the expression of Which is driven by 
a strong promoter (e.g., the CMV promoter). Brain-speci?c 
expression may be achieved by incorporating vector con 
structs comprising the human 5 -HT2A receptor gene into the 
5-HT2A genomic promoter region of the host animal by 
site-speci?c homologous recombination RajeWsky et. 
al., J. Clin. Invest. 98(3), 1996, pp. 600-603). This is 
feasible, as both the human and mouse promoter regions for 
the 5-HT2A receptor gene have been cloned and character 
iZed (Zhu, Q., Chen, K., and Shih, J. C., J Neuroscience 
15(7), 1995, pp. 4885-4895 Atransgenic animal may then 
be generated by injection of the vector construct into embry 
onic stem cells of the selected host animal (typically, a 
mouse) in accordance With standard procedures (M. R. 
Capecchi, Trends Genet. 5, 1989, pp. 70-76). This approach 
Will result in regionally speci?c over-expression of the 
Wild-type human 5-HT2A receptor in mouse brain. 

[0085] The alternative approach requires the generation of 
a mutant human receptor Which has a signi?cantly higher 
basal activity than the Wild-type gene. By applying standard 
PCR-based site-directed mutagenesis (e.g., as disclosed in E. 
S. Burstein et al., Biochem. Pharmacol. 51, 1996, pp. 
539-544; and T. A. Spalding et al.,]. Pharm. Exp. Ther. 275, 
1995, pp. 1274-1279, for the muscarinic m5 receptor), it is 
possible to generate a receptor mutant that Will exhibit 
increased constitutive activity. Using homologous recombi 
nation to incorporate a transgenic expression vector in Which 
the mutant human gene is expressed from the native mouse 
promoter, Without overexpression, Would result in an animal 
With regional speci?c brain expression of an activated 
human 5-HT2A receptor mutant. 
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[0086] The present disclosure provides a series of human 
5-HT2A receptor mutants that have increased constitutive 
activity compared to that observed in the Wild type receptor, 
any of Which are suitable for incorporation into a transgenic 
mouse model. Inverse agonists of the 5-HT2A receptor 
identi?ed by the present methods may suitably be tested for 
activity in vivo in the transgenic mouse models described 
above, in Which the effect of the compounds on locomotor 
activity, startle habituation and prepulse inhibition may 
conveniently be studied (T. A. Sipes and M. A. Geyer, 
Nearopharmacology, 33(3/4), pp. 441-448). Other animal 
models Which may be used for this purpose include 5-HT 
agonist induced head tWitches in mice or rats, substantially 
as disclosed by J. H. Kehne et al., supra, Which may be 
reduced by administration of inverse agonists of the 5 -HT2A 
receptor. 

[0087] The present invention provides a method of ame 
liorating symptoms of schiZophrenia or psychosis in a 
subject in need thereof, the method comprising administer 
ing to the subject a therapeutically effective amount of an 
inverse agonist of the 5-HT2A receptor. 

[0088] Inverse agonists of the 5-HT2A receptor identi?ed 
by the methods of the present invention may be formulated 
in pharmaceutical compositions comprising one or more 
inverse agonist compounds together With a pharmaceutically 
acceptable diluant or excipient. Such compositions may be 
formulated in an appropriate manner and in accordance With 
accepted practices such as those disclosed in Remington’s 
Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing 
Co., Easton Pa., 1990. 

[0089] Particularly desirable inverse agonists of the 
5-HT2A receptor Will exhibit considerable selectivity for 
that receptor. Selectivity may, in the present context, be 
de?ned as an at least 10-fold higher af?nity for the 5-HT2A 
receptor subtype than toWards at least one, and preferably 
more than one, other neurotransmitter receptor tested. 
Examples of neurotransmitter receptors against Which 
potentially selective inverse 5-HT2A agonists may suitably 
be tested include histamine, dopamine, muscarinic and adr 
energic receptors, as Well as the other existing serotonin 
receptor subtypes. 5 -HT2A receptor inverse agonists may be 
effective in the treatment of a number of neuropsychiatric 
diseases and disorders such as psychosis or schiZophrenia 
Without the attendant undesirable extrapyramidal side 
effects previously observed With non-selective compounds, 
notably most classical antipsychotic drugs. It is currently 
believed that favorable therapeutic properties Will be found 
in selective inverse 5-H72A agonists that have little or 
substantially no anti-dopaminergic activity, in particular as 
antagonists of the dopamine D2 receptor, as such activity is 
assumed to give rise to many of these extrapyramidal side 
effects. To identify compounds that have the desired selec 
tivity for 5-HT2A, the present assay method should also 
include cells expressing at least one other neurotransmitter 
receptor and preferably includes cells expressing a number 
of different 20neurotransmitter receptors. 

[0090] Advantageously, inverse agonist compounds may 
be administered in a single daily dose, or the total daily 
dosage may be administered in divided doses tWo, three or 
four times daily. Furthermore, compounds of the present 
invention may be administered in intranasal form via topical 
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use of suitable intranasal vehicles, or via transdermal routes 
using those forms of transdermal skin patches Well known to 
persons skilled in the art. 

[0091] The dosage regimen for 5-HT2A inverse agonist 
compounds Will be selected in accordance With a variety of 
factors. These include type, species, age, Weight, sex and 
medical condition of the patient; the severity of the condi 
tion to be treated; the route of administration; the renal and 
hepatic function of the patient; and the particular compound 
employed. A physician of ordinary skill can readily deter 
mine and prescribe the effective amount of the drug required 
to prevent, counter or arrest the progress of the disease or 
disorder Which is being treated. 

[0092] The daily dosage may be varied over a Wide range 
from about 0.01 to about 100 mg per adult human per day. 
An effective amount is ordinarily supplied at a dosage level 
of about 0.0001 mg/kg to about 25 mg/kg body Weight per 
day. Preferably, the range is from about 0.001 to about 10 
mg/kg of body Weight per day, and especially from about 
0.001 mg/kg to about 1 mg/kg of body Weight per day. The 
compounds may be administered on a regimen of 1 to 4 
times per day. 

[0093] Inverse agonist compounds may be used alone at 
appropriate dosages de?ned by routine testing in order to 
obtain optimal pharmacological effect on the serotonin 
5-HT2A receptor, While minimizing any potential toxic or 
otherWise unWanted effects. In addition, it is believed that 
5-HT2A selective inverse agonists may be used as adjunc 
tive therapy With knoWn antipsychotic drugs to reduce the 
dosage required of these traditional drugs, and thereby 
reduce their extrapyramidal side effects. 

[0094] The present invention is further disclosed in the 
folloWing Example, Which is not in any Way intended to 
limit the scope of the invention as claimed. 

EXAMPLE 

[0095] The functional receptor assay, Receptor Selection 
and Ampli?cation Technology (R-SAT), Was used (essen 
tially as disclosed in US. Pat. No. 5,707,798) to investigate 
the pharmacological phenotype of the 5-HT2A receptor. The 
5-HT2A receptor gene Was ampli?ed by nested PCR from 
brain cDNA using the folloWing oligodeoxynucleotides 
based on published sequences: 5‘#1: 5‘-agctccgggagaacag 
catgta-3‘; 5‘#2: 5‘-gagtgtggatccatcaaggtgaatggtgagcag-3‘; 
3‘#1: 5‘-caatgaacagcatagcagcaa-3‘; 3‘#2: 5‘-ggtttcctcta 
gaaaatagaagttaatttagatt-3 (SaltZman et. al., Biochem. Bio 
phys. Res. Comm. 181(3), 1991, pp. 1469-1478). 

[0096] The cDNA Was obtained by reverse transcription of 
total RNA isolated from human brain tissue in accordance 
With standard techniques (see, Sambrook et al, supra). The 
human brain tissue Was obtained from a 100-year old female 
free of neuropsychiatric disease. The PCR product Was 
subcloned onto the TOPO PCR 2.1® vector (Invitrogen, 
Inc.) in accordance With the manufacturer’s protocol. A 
Bam-Hl (blunted With T4 polymerase)-Not-1 DNA fragment 
containing the gene Was subcloned into the mammalian 
expression vector PSI® (Promega, Inc.) for heterologous 
expression in R-SAT. 

[0097] Varying doses of 5-HT2A receptor plasmid DNA 
Were transfected into NIH 3T3 cells (at 70% con?uence) 
using the transfection reagent Superfect® (Qiagen, Inc.). 
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5-HT2A receptor DNA transfection mixtures (per Well of a 
96-Well cell culture dish) Were composed of from 5 to 50 
ng/Well of receptor DNA, 25 ng/Well of [3-galactosidase 
plasmid DNA (in the PSI® vector), 50 pL of DMEM, and 15 
pL of Superfect®. This mixture Was then augmented With 
additional DMEM (With 10% calf serum and 1% penicillin/ 
streptomycin/glutamine) suf?cient to incubate each Well 
With 50 pL of the transfection mixture. Cells Were trans 
fected for 12 to 16 hours at 37° C. in a humidi?ed environ 
ment supplemented With 5% CO2, after Which time the 
media Was replaced by DMEM With 2% cyto-SF3 (Kemp 
Biotechnologies, Inc.) containing variable amounts of the 
compounds being tested. 

[0098] Cells Were groWn in a humidi?ed environment at 
37° C. With 5% CO2 for ?ve days prior to visualiZation of 
[3-galactosidase activity by replacing the media With the 
[3-galactosidase substrate o-nitrophenyl-[3-D-galactopyrano 
side (substantially as described in US. Pat. No. 5,707,798). 
All data Were obtained by measuring the change in absor 
bance at 420 nm using an automated plate reader (BioTek EL 
310). EC50 values Were calculated using the equation: 
r=A+B(x/(x+c)), Where A=minimum response, B=maxi 
mum response minus minimum response, c=EC50, r=re 
sponse, and x=concentration of ligand. Curves Were gener 
ated by least-squares ?t using the program KaleidaGraph® 
(Abelbeck SoftWare). 
[0099] Since constitutive activity may be erroneously 
measured if experiments are conducted in the presence of 
minute amounts of agonist, a number of control experiments 
Were performed to rule out the possibility that serotonin Was 
present in the media. Firstly, only synthetic sera Were used 
(cyto-SF3), because bovine calf serum may contain various 
monoamines or related receptor agonists. Second, experi 
ments in Which the amount of synthetic sera Was about 2-5 
times that routinely used did not result in a measurable 
increase in constitutive activity (data not shoWn). In addi 
tion, using other serotonin receptor subtypes in Which con 
stitutive activity has been measured (5-HT2B) revealed 
compounds that are neutral antagonists and others that are 
inverse agonists, arguing that competition for endogenous 
serotonin is not occurring (otherWise, all compounds Would 
appear to be inverse agonists). 

[0100] The results of this analysis of the 5-HT2A receptor 
are presented in FIG. 1, as a representative pharmacological 
pro?le as determined by R-SAT. 

[0101] Based on the results obtained in this analysis, it Was 
concluded that 

[0102] 1) the 5-HT2A receptor is functionally active 
in R-SAT, and that the data obtained are in agreement 
With previously published binding assays (C. A. 
Stockmeier et al., J. Pharm. Exper. T her. 266(3), 
1993, pp. 1374-1384). 

[0103] 2) expression of 5-HT2A receptors using the 
PSI® vector results in the detection of constitutive 
activity. Under these experimental conditions, 
ritanserin inhibits receptor signaling beloW baseline 
(no drug) values, i.e. it is an inverse agonist (note 
ritanserin values in FIG. 1). 

[0104] 3) increasing the amount of DNA used for 
transfection increased the basal activity of the 
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5-HT2A receptor (5% constitutive activity at 5 
ng/Well vs. 11% constitutive activity at 50 ng/Well; 
data not shown). 

[0105] Upon detecting constitutive signaling With the 
5-HT2A receptor, high DNA concentrations Were subse 
quently used to augment basal responses and facilitate 
pharrnacological analysis of inverse agonists. All subsequent 
studies utiliZed 50 ng/Well of 5-HT2A receptor DNA. FIG. 
2 shoWs the dose response relationship for ritanserin as a 
representative 5-HT2A receptor inverse agonist. 

[0106] R-SAT Was con?gured to assay simultaneously for 
compounds that exhibit both agonisrn and inverse agonisrn 
at this receptor subtype. Multiple 96-Well plates of NIH 3T3 
cells Were transfected With 50 ng/Well of 5-HT2A receptor 
DNA and screened against a 640-cornpound library of 
medically relevant drugs (RBI Inc, Natick, Mass.). All 
compounds Were screened at concentrations of 300-500 nM, 
serotonin (1 pM) Was used as a reference agonist, and 
ritanserin (1 pM) Was used as a reference inverse agonist. 
The results of this screen for inverse agonisrn (for corn 
pounds With greater than 40% inhibition) at the 5-HT2A 
receptor are shoWn in Table 1 beloW. 

TABLE 1 

Screen for Inverse Agonisrn at 5-HT2A Receptors 

% INHIBITION COMPOUND 

96 TRIFLUPERIDOL 
92 PIRENPIRONE 
90 RITANSERIN 
87 RISPERIDONE 
84 BUTACLAMOL 
82 SPIPERONE 
82 KETANSERIN 
79 MIANSERIN 
79 METHIOTHEPIN 
77 LOXAPINE 
76 OCTOCLOTHEPIN 
75 Mdl 26,630 trihcl 
75 TRIFLOUPERAZINE 
75 CINANSERIN 
74 Dag kinase inhibitor 
69 JL-18 (CLOZAPINE) 
68 AMOXAPINE 
66 CYPROHEPTADINE 
65 CHLORPROMAZINE 
62 METERGOLINE 
61 FLUPHENAZINE 
57 FLUSPIRILINE 
5 6 THIORIDAZINE 
53 Benztropine 
53 5-hydroxy-Ltryptophan 
52 Prornethazine 
52 CLOZAPINE 
51 Physostigrnine 
45 CIS-FLUPENTIXOL 
42 PIMOZIDE 

[0107] In Table 1, all data are derived from the mean of 
duplicate determinations for each test compound, and are 
presented as a percentage inhibition referenced to ritanserin 
(90-100%). The data include all compounds detected in the 
screen that displayed a greater than 40% inhibition frorn 
basal, no drug, levels. All compounds that are knoWn 
serotonergic drugs are italiciZed, and all drugs With knoWn 
anti-psychotic activity are presented in bold. 

Jul. 7, 2005 

[0108] The results of this screen are signi?cant in that: 

[0109] 1) The screen identi?ed nearly every antipsy 
chotic drug in the compound library (18/19 at 30% 
inhibition or greater), documenting that these drugs 
are actually inverse agonists (not antagonists) at this 
receptor subtype. 

[0110] 2) There is selectivity to this interaction, as 
multiple classes of other neuropsychiatric agents 
(e.g., antidepressants and anticonvulsants) repre 
sented in the library are not inverse agonists at this 
receptor subtype. 

[0111] 3) The R-SAT technology is amenable to 
screening compounds for inverse agonisrn at the 
5 -HT2A receptor. 

[0112] 4) The R-SAT technology is amenable to 
screening individuals for constitutively activating 
mutations of the 5-HT2A receptor in an analogous 
manner to that presented above. 

[0113] Having discovered that antipsychotics are inverse 
agonists of the 5 -HT2A receptor, a detailed pharrnacological 
analysis of many of these agents was performed to establish 
their potency and efficacy. FIG. 3 shoWs the dose response 
curves for tWo knoWn antipsychotics, the typical agent 
haloperidol, and the atypical agent risperidone. Table 2 is a 
compilation of this detailed pharrnacological analysis pre 
sented as negative log EC50 values. 

TABLE 2 

Potency of Antipsychotics as Inverse Agonists at the 5-HT2A Receptor 

DRUG Negative LOG EC50 

Sertindole 10.12 +/— 0.18 
Tefludazine 9.02 +/— 0.21 
Risperidone 8.81 +/— 0.05 
Spiperone 8.70 +/— 0.07 
Pirnozide 8.65 +/— 0.04 
Arnoxapine 8.64 +/— 0.13 
LoXapine 8.49 +/— 0.07 
Butaclarnol 8.49 +/— 0.19 
Fluspirilene 8.49 +/— 0.14 
Clozapine 8.17 +/— 0.19 
Olanzapine 8.17 +/— 0.07 
JL-18 8.11 +/— 0.13 
Cis-Flupentixol 8.04 +/— 0.10 
Fluphenazine 7.85 +/— 0.10 
Chlorprornazine 7.70 +/— 0.11 
Tri?ouperidol 7.59 +/— 0.09 
Thioridazine 7.02 +/— 0.18 
Tri?ouperazine 6.76 +/— 0.19 
Trans-Flupentixol 6.77 +/— 0.21 
Haloperidol 6.79 +/— 0.03 
ThiothiXene 6.43 +/— 0.11 
Sulpiride NO EFFECT 
Rernoxipride AGONIST 
Molindone AGONIST 

[0114] Table 2 above provides the molar negative log 
EC50s for inhibition of constitutive activitty derived from 
the mean of three separate dose response eXperirnents (+/— 
standard error). Antipsychotics that are generally considered 
atypical are highlighted in bold. 

[0115] These data alloW one to draW the folloWing con 
clusions regarding antipsychotics as inverse agonists of the 
5 -HT2A receptor: 
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[0116] 1) Nearly all antipsychotics tested are potent 
inverse agonists of the 5-HT2A receptor. No similar 
activity of these drugs as inverse agonists at other 
potentially relevant monoamine receptors (5-HT1A, 
5-HT1B, 5-HT2C, Dopamine D1, D2, D3, and D5, 
ot-1B adrenergic, and muscarinic m5 receptors) has 
been noted (T. A. Spalding et al., supra; Nilsson, C. 
L., supra; Hall, D. A. and Strange, P. G., supra, E. L. 
Barker et al., supra; A. NeWman-Tancredi et al., Brit. 
Jour. ofPharm. 120, pp. 737-739; P. A. PauWels and 
F. C. Colpaert, Biochem. Pharm. 50(10), pp. 1651 
1658; and D. R. Thomas et al., J. of Receptor and 
Signal Transduction Research 15(1-4), pp. 199-211). 
The correlation betWeen this singular molecular 
pharmacological mechanism and ef?cacy of a drug 
as an antipsychotic suggests that this is a fundamen 
tal mechanism of action of this class of drug. 

[0117] 2) The atypical antipsychotic agents are 
amongst the most potent of 5-HT2A receptor inverse 
agonists; thus, potent and selective 5-HT2A inverse 
agonism should be a property of novel antipsychotic 
drugs With improved clinical pro?les. 

[0118] 3) Since antipsychotics as a class possess the 
intrinsic activity to reduce constitutive signal trans 
duction mediated by the 5-HT2A receptors, any 
condition that favors increased basal activity of this 
receptor may be contributory to, or causative of, 
psychosis and/or schiZophrenia. 

[0119] It is apparent that the singular molecular property 
of inverse agonism at the 5-HT2A receptor is common to 
nearly all compounds With ef?cacy as an antipsychotic. To 
further support the uniqueness of this correlation, a large 
series of antipsychotics Were pharmacologically pro?led 
against the human 5-HT2C receptor. This receptor Was 
chosen because: 1) it is genetically and pharmacologically 
related to the 5-HT2A receptor, 2) the receptor RNA and 
protein are expressed in human brain regions critical to 
higher cognitive functioning, and 3) some evidence eXists to 
support the notion that antagonism of this receptor is rel 
evant to the mechanism of action of antipsychotic drugs. The 
Wild type human 5-HT2C receptor Was PCR-cloned from 
human cortical cDNA by standard molecular biological 
techniques familiar to those skilled in the art. The receptor 
construct Was subcloned into the PSI® mammalian expres 
sion vector, and veri?ed by DNA sequencing. Transfection 
of 50 ng per Well of receptor DNA (identical to the amount 
used for 5-HT2A assays) revealed readily measurable con 
stitutive activity. Thirty-six antipsychotics Were pharmaco 
logically assayed against the 5-HT2C receptor as both 
agonists and inverse agonists. Table 3 reports the negative 
log EC50 for these compounds as inverse agonists at both 
the 5-HT2A and 5-HT2C receptors. 

TABLE 3 

Potency of Antipsychotics as Inverse Agonists 
at 5-HT2A and 5-HT2C Receptors 

Receptor 5-HT2A Receptor 5-HT2C 
DRUG EC50 Negative Log EC50 Negative Log 

Sertindole 10.12 +/— 0.18 7.64 +/— 0.42 
Octoclothepin 9.74 +/— 0.98 8.52 +/— 0.56 
Te?udazine 9.02 +/— 0.21 8.28 +/— 0.49 
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TABLE 3-continued 

Potency of Antipsychotics as Inverse Agonists 
at 5-HT2A and 5-HT2C Receptors 

Receptor 5-HT2A Receptor 5-HT2C 
DRUG EC50 Negative Log EC50 Negative Log 

Respiridone 8.81 +/— 0.05 <5.0 
Tiospirone 8.74 +/— 0.67 6.29 +/— 0.53 
Spiperone 8.70 +/— 0.07 No Intrinsic 
Activity 
Pimozide 8.65 +/— 0.04 No Intrinsic 
Activity 
AmoXapine 8.64 +/— 0.13 6.92 +/— 0.34 
Clothiapine 8.55 +/— 1.09 6.32 +/— 0.57 
Butaclamol 8.49 +/— 0.19 No Intrinsic 
Activity 
LoXapine 8.49 +/— 0.07 6.30 +/— 0.32 
Fluspirilene 8.19 +/— 0.14 No Intrinsic 
Activity 
Clozapine 8.17 +/— 0.19 6.60 +/— 0.64 
Olanzapine 8.17 +/— 0.07 6.36 +/— 0.47 
JL-18 8.11 +/— 0.13 6.09 +/— 0.45 
Cis-Flupentixol 8.04 +/— 0.10 No Intrinsic 
Activity 
Fluphenazine 7.85 +/— 0.10 <5.0 
Amperozide 7.80 +/— 0.82 No Intrinsic 
Activity 
Chlorproethizene 7.70 +/— 0.33 <5.0 
Chlorpromazine 7.70 +/— 0.11 No Intrinsic 
Activity 
Tri?ouperidol 7.59 +/— 0.09 <5.0 
Perlapine 7.52 +/— 0.49 5.89 +/— 1.17 
Promazine 7.10 +/— 1.27 Agonist 
Moperone 7.03 +/— 0.59 No Intrinsic 
Activity 
Thioridazine 7.02 +/— 0.18 No Intrinsic 
Activity 
Mesioridazine 7.00 +/— 0.30 No Intrinsic 
Activity 
Melperone 6.96 +/— 0.56 No Intrinsic 
Activity 
Haloperidol 6.79 +/— 0.03 No Intrinsic 
Activity 
Trans-Flupentixol 6.77 +/— 0.21 5.55 +/— 0.37 
Tri?ouperazine 6.76 +/— 0.19 No Intrinsic 
Activity 
Bromperidol 6.66 +/— 0.76 No Intrinsic 
Activity 
Prothypendyl 6.60 +/— 0.44 Agonist 
Quietapine 6.57 +/— 0.80 No Intrinsic 
Activity 
ThiothiXene 6.43 +/— 0.11 No Intrinsic 
Activity 
Sulpiride No Intrinsic Activity No Intrinsic 
Activity 
Remoxipride AGONIST No Intrinsic 
Activity 
Molindone AGONIST No Intrinsic 
Activity 

[0120] The folloWing conclusions can be draWn from this 
data: 

[0121] 1) The correlation betWeen inverse agonism 
and efficacy as an antipsychotic is apparent at the 
5 -HT2A receptor (33 of 36 compounds), but does not 
eXist at the 5-HT2C receptor (12 of 36 compounds). 

[0122] 2) High potency inverse agonism at the 
5-HT2A receptor is a property that many of the 
“atypical” antipsychotics share, yet no such correla 
tion betWeen compounds With improved clinical 
characteristics (“atypicals”) and 5-HT 2C receptor 
intrinsic activity can be draWn. 
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[0123] To identify novel compounds as potential antipsy 
chotic drugs, the 5-HT2A inverse agonist R-SAT assay Was 
formatted to conduct high-throughput screening of large 
libraries of organic compounds. For these purposes, the 
constitutive basal response of the 5-HT2A receptor Was 
augmented by the addition of the alpha subunit of the 
heterotrimeric G-protein Gq into the transfection mixtures. 
Gq is the signaling molecule utiliZed by the 5-HT2A recep 
tor to functionally signal in cells, and coexpressing Gq With 
other GPCR’s has been previously shoWn to constitutively 
activate receptors in this class (Burstein, E. S., et al., FEBS 
Lett. 363, 1995, pp. 261-263). 

[0124] The 5-HT2A inverse agonist assay Was used to 
screen 135,000 organic compounds for 5-HT2A inverse 
agonist activity. The compounds examined Were from a 
library of structurally diverse organic molecules With an 
average molecular Weight of 350 daltons. The compounds 
Were dissolved in DMSO and plated onto microtiter plates 
With one compound in each Well and either 96 or 384 
compounds on each plate. The compounds Were diluted to a 
concentration of 3000 nM, incubated in the presence of 
transfected cells for a period of ?ve days, after Which time 
beta-galactosidase activity Was measured to determine the 
functional response of potential inverse agonists. These 
compounds Were also screened against the muscarinic m5 
receptor, in an analogous fashion, to provide a measure of 
selectivity for the active compounds. 

[0125] Of the 135,000 compounds tested in this manner, 
511 Were identi?ed that repressed the 5-HT2A basal activity 
in replicate samples greater than 50% of that observed With 
the control inverse agonist, 100 nM ritanserin. Of the 511 
compounds that repressed 5-HT2A constitutive activity 
greater than 50% at 3000 nM, 322 compounds repressed 
signi?cantly at 300 nM as Well. Of these, 252 compounds 
displayed greater than 10-fold selectivity for 5-HT2A 
inverse agonism compared to inverse agonism at the mus 
carinic m5 receptor. 

[0126] Of the 252 5-HT2A selective compounds, 111 are 
related in structure to the knoWn antipsychotic haloperidol, 
and 64 compounds are structurally related to the tricyclic 
antidepressants compounds With knoWn antipsychotic activ 
ity. Examples of these are the compound AC121394 in the 
haloperidol class, and compound AC116399 in the tricyclic 
class (see FIG. 4). The successful screening of compounds 
With 5-HT2A inverse activity that are related in structure to 
knoWn antipsychotics is a direct demonstration that one can 
identify compounds With potentially improved antipsychotic 
activity. 

[0127] The invention described and claimed herein is not 
to be limited in scope by the speci?c embodiments herein 
disclosed, since these embodiments are intended as illustra 
tions of several aspects of the invention. Any equivalent 
embodiments are intended to be Within the scope of this 
invention. Indeed, various modi?cations of the invention in 
addition to those shoWn and described herein Will become 
apparent to those skilled in the art from the foregoing 
description. Such modi?cations are also intended to fall 
Within the scope of the appended claims. 

[0128] The disclosures of all references cited herein are 
incorporated by reference in their entireties. 
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What is claimed is: 
1. A method of identifying a compound Which is an 

inverse agonist of the 5-HT2A receptor, the method com 
prising: 

(a) contacting a constitutively active 5-HT2A receptor 
With at least one test compound; and 

(b) determining any decrease in basal activity level of the 
5-HT2A receptor so as to identify a test compound 
Which is an inverse agonist of the 5-HT2A receptor. 

2. A method of identifying a compound Which is an 
inverse agonist of the 5-HT2A receptor, the method com 
prising: 

(a) culturing cells Which express a constitutively active 
5-HT2A receptor; 

(b) incubating the cells With at least one test compound; 
and 

(c) determining any decrease in basal activity level of the 
5-HT2A receptor so as to identify a test compound 
Which is an inverse agonist of the 5-HT2A receptor. 

3. The method of claim 2, Wherein the cells of step (a) 
overexpress said 5-HT2A receptor. 

4. The method of claim 2, Wherein the identi?ed inverse 
agonist is selective for the 5-HT2A receptor. 

5. Amethod of identifying mutation(s) in a gene encoding 
a constitutively active 5-HT2A receptor, the method com 
prising: 

(a) extracting nucleic acid from a biological sample 
obtained from an individual having a disorder or con 
dition putatively associated With constitutive activity of 
the 5-HT2A receptor; 

(b) preparing cDNA from the extracted nucleic acid; 

(c) selecting from the cDNA in step (b) cDNA encoding 
the 5-HT2A receptor; 

(d) transfecting a cell With an expression vector compris 
ing said selected cDNA; 

(e) selecting a cell expressing constitutively active 
5-HT2A receptor; and 

(f) sequencing the cDNA in said selected cell to detect the 
mutation(s). 

6. The method of claim 5, Wherein said biological sample 
comprises blood, platelets or brain tissue. 

7. The method of claim 5, Wherein the extracted nucleic 
acid is RNA. 

8. The method of claim 5, further comprising prior to said 
transfecting step amplifying the cDNA. 

9. The method of claim 5, Wherein said cDNA selection 
is performed using one or more oligodeoxynucleotide 
probes speci?c to the gene encoding the 5-HT2A receptor. 

10. A method of diagnosing a disorder or condition, or a 
susceptibility thereto, associated With constitutive activity of 
the 5-HT2A receptor, the method comprising: 

(a) obtaining a biological sample from an individual 
putatively affected by or susceptible to a disorder or 
condition associated With constitutive activity of the 
5-HT2A receptor; 

(b) isolating from said biological sample a nucleic acid 
sequence encoding said receptor, or a portion of said 
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nucleic acid sequence corresponding to the portion of 
the gene identi?ed to include rnutation(s) by the 
method of claim 5; and 

(c) detecting the presence or absence of rnutation(s) in 
said nucleic acid sequence or said portion thereof. 

11. The method of claim 10, Wherein said biological 
sample comprises blood, platelets or brain tissue. 

12. A test kit for detecting rnutation(s) in a gene encoding 
a constitutively active 5-HT2A receptor, the test kit com 
prising a nucleic acid sequence corresponding to a portion of 
the gene identi?ed by the method of claim 5 to include at 
least one mutation. 

13. A method of decreasing the basal activity level of the 
5-HT2A receptor in a subject in need thereof, the method 
comprising contacting a 5-HT2A receptor in said subject 
With an inverse agonist of the 5-HT2A receptor in an amount 
effective to substantially decrease the basal activity level of 
said receptor. 

14. The method of claim 13, Wherein the inverse agonist 
is selective for the 5-HT2A receptor. 

15. The method of claim 13, Wherein the inverse agonist 
has little or substantially no anti-dopaminergic activity. 

12 
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16. A method of ameliorating symptoms of schiZophrenia 
or psychosis in a subject in need thereof, the method 
comprising administering to the subject a therapeutically 
effective amount of an inverse agonist of the 5-HT2A 
receptor. 

17. Use of an inverse agonist of the 5-HT2A receptor for 
the preparation of a medicament for substantially decreasing 
the basal activity level of a constitutively active 5-HT2A 
receptor. 

18. Use according to claim 17, Wherein the inverse 
agonist is selective for the 5-HT2A receptor. 

19. Use according to claim 17, Wherein the inverse 
agonist has little or substantially no anti-dopaminergic activ 
ity. 

20. Use of a 5-HT2A receptor to identify a compound 
acting as an inverse agonist at said receptor. 

21. Use of a 5-HT2A receptor to identify a compound 
acting as an inverse agonist at said receptor and useful in the 
treatment of schiZophrenia or psychosis. 


