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Description

Background of the Invention

Field of the Invention

[0001] The present invention belongs to the fields of
pharmacology, medicine and medicinal chemistry and
provides methods to treat psychotic conditions including
schizophrenia and related conditions. In particular, this
invention relates to the use of genomic analysis to deter-
mine a patient’s responsivenessto lloperidone and meth-
ods to determine optimal treatment strategies.

Description of the Related Art

[0002] Ciliary Neurotrophic Factor (CNTF) was origi-
nally known as a survival factor for chick ciliary neurons
in vitrobut has more recently shown to be a survival factor
for different neuronal cell types. CNTF is involved with
the prevention of degeneration of motor axons and is a
member of the interleukin-6 cytokine family. Barbin et al.
used a survival assay for neurons from chick embryonic
ciliary ganglia to report the neurotrophic activity of CNTF
from chick eye. See, Barbin, G et al., J. Neurochem. 43:
1468-1478,1984. CNTF was also shown to have actions
on sympathetic and sensory neurons in this study.
[0003] The CNTF gene also holds hope for the treat-
ment of amyotrophic lateral sclerosis (ALS) and other
similarly related disorders. In homozygous pmn/pmn
mice a disorder occurs in which the hind limbs have a
progressive motor neuropathy which becomes evident
at the end of the third postnatal week. All the mice die
six to seven weeks after birth from respiratory paralysis.
Sendtner et al. treated the mice with CNTF and success-
fully improved motor function and reduced the morpho-
logic symptoms of neural degeneration even when de-
generative alterations were already present. See, Send-
tner et al., Nature 358: 502-504, 1992.

[0004] Greaterunderstanding was gained when CNTF
gene expression was eliminated in mice by homologous
recombination and the progressive atrophy and loss of
motor neurons still took place, accompanied by a small
reduction in muscle strength, see, Masu et al. Nature
365: 27-32, 1993. The authors of this study, stated that
these results demonstrate that expression of the gene Is
not essential forthe development of spinal motor neurons
as determined by morphologic criteria, but that it is es-
sential for maintenance of function in motor neurons in
the postnatal period.

[0005] Takahashi et al. had similar findings in the lack
of effects in the CNTF knockout mice. They found that
roughly 2.5% of the Japanese population are ho-
mozygous for mutations that inactivate the CNTF gene,
see, Takahashi et al. Nature Genet. 7: 79-84, 1994.
Those that lack CNTF seem not to be adversely affected
and have not shown any related neurologic defects.
[0006] CNTF receptor subunits share similar sequenc-
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es with the leptin (LEP) receptor. Studies suggest that
both CNTF and LEP cytokines have the ability to signal
the hypothalamic satiety centers. These results came af-
ter systemic administration of CNTF and LEP to ob/ob
mice, which led to rapid induction of the tis-11 primary
response gene in the arcuate nucleus. When ob/ob mice,
lacking a functional leptin, were treated with CNTF the
adiposity, hyperphagia, and hyperinsulinemia associat-
ed with leptin deficiency were reduced. In contrast to lep-
tin, CNTF also reduced obesity-related phenotypes in
db/db mice, which lack a functional leptin receptor, and
in mice with diet-induced obesity, which are partially re-
sistant to the actions of leptin.

[0007] CNTF protein is stored inside adult glial cells,
perhaps awaiting release by some mechanism provoked
by injury, It may not be essential for development and
may, in fact, act in response to injury or some other type
of stress. CNTF was characterized as a trophic factor for
motor neurons in the ciliary ganglion and spinal cord.

Polymorphism in the CNTF gene

[0008] A polymorphism in the CNTF gene has been
identified. The CNTF gene is located on 11q12.2 and the
polymorphismis 103 G>A in GenBank sequence X55890
(Version 1) (see PubMed: 9285965). A mutation in an
acceptor splice site caused the mRNA to splice incor-
rectly, thereby abolishing expression of the CNTF pro-
tein. The nucleotide change was a G to A transition at
position -6 of the receptor splice site, leading to a
frameshift from amino acid 39, resulting in a stop codon
24 amino acids downstream. The irregular mRNA was
expected to code for a truncated protein 62 amino acids
long (FS63 TER).

[0009] Analysis of tissue samples and transfection of
CNTF minigenes into cultured cells demonstrated, that
the mutated allele expressed only the mutated mRNA
species. The homozygous mutant gene is not translated
into protein as is shown by the finding that antibodies that
recognise both the normal and mutated CNTF show com-
plete lack of CNTF immunoreactivity in peripheral nerve
tissue from a homozygous mutant subject. See, Taka-
hashi et al. Nature Genet. 7: 79-84,1994.

[0010] Tanaka Yuji et al. ('Schizophrenic psychoses
and the CNTF null mutation’, NEUROREPORT, vol. 9,
no. 6, 20 April 1998 (1998-04-20), pages 981-983) dis-
closes the association between a null mutation in the
ciliary neutrophic factor (CNTF) gene and functional psy-
choses including schizophrenia and schizoaffective dis-
orders.

Psychotic Disorders

[0011] Psychoses exact a tremendous emotional and
economic toll on the patients, their families, and society
as a whole. Psychotic conditions, such as schizophrenia
and related disorders (e.g. schizoaffective disorder), and
including affective disorders (mood disorders) with psy-
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chotic symptoms (e.g. Bipolar Disorder) are complex and
heterogeneous diseases of uncertain aetiology that afflict
a large percentage of all populations world-wide.
[0012] Schizophrenia is characterised as having both
"positive symptoms" (hallucinations, delusions, and con-
ceptual disorganisation) and "negative symptoms" (apa-
thy, social withdrawal, affect, and poverty of speech). Ab-
normal activity of the neurotransmitter dopamine is a hall-
mark of schizophrenia. Dopaminergic activity is reduced
in the mesocortical system (resulting in negative symp-
toms) and is enhanced in the mesolimbic system (result-
ing in positive or psychotic symptoms). Several other
neurotransmitters are involved, including serotonin,
glutamate, and gamma-aminobutyric acid (GABA).
[0013] Antipsychotic drugs, in one form or another,
have long been the basis of treatment of psychotic dis-
orders. These drugs are sometimes used In combination
with a mood regulating medication such as lithium or an
antidepressant. For many years, schizophrenia was
treated with classical antipsychotic drugs, the neurolep-
tics, that block central dopamine receptors. The neu-
roleptics are effective for treating the positive symptoms
of schizophrenia, but have little or no effect on the neg-
ative symptoms. The ability of these drugs to antagonize
dopamine receptors correlates with antipsychotic effica-
cy. Neuroleptic drugs include phenothiazines including
aliphatics (e.g., chlorpromazine), piperidines (e.g., thior-
idazine), and piperazines (e.g., fluphenazine); butyroph-
enones (e.g., haloperidol); thioxanthenes (e.g., flupen-
thixol); oxoindoles (e.g., molindone); dibenzoxazepines
(e.g., loxapine) and diphenylpiperidines (e.g., pimozide).
[0014] Unfortunately, neuroleptics-resistant negative
symptoms account for most of the social and vocational
disability caused by schizophrenia. Further, neuroleptics
cause extrapyramidal symptoms, including rigidity, trem-
or, bradykinesia (slow movement), and bradyphrenia
(slow thought), as well as tardive dyskinesias and dys-
tonias. For treatment of psychosis with medications, see,
Textbook of Psychopharmacology, Schatzberg AF and
Nemeroff CB, Editors, American Psychiatric Press.
Wash. D.C. 1995.

[0015] Progress in the treatment of psychotic condi-
tions has been achieved through the introduction of new,
atypical antipsychotic agents. The side effect profile of
these atypical antipsychotics is far superior to that of tra-
ditional agents. The atypical antipsychotics are a different
class of antipsychotic drugs which have a different re-
ceptor binding profile and effectiveness against the
symptoms of schizophrenia. The essential feature of an
atypical antipsychotic is less acute extrapyramidal symp-
toms, especially dystonias, associated with therapy as
compared to a typical antipsychotic such as haloperidol.
Clozapine, the prototypical atypical antipsychotic, differs
from the typical antipsychotics with the following charac-
teristics: (1) greater efficacy in the treatment of overall
psychopathology In patients with schizophrenia nonre-
sponsive to typical antipsychotics; (2) greater efficacy in
the treatment of negative symptoms of schizophrenia;
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and (3) less frequent and quantitatively smallerincreases
in serum prolactin concentrations associated with thera-
py (Beasley, et al., Neuropsychopharmacology, 14(2),
111-123, (1996)).

[0016] Atypical antipsychotics bind central serotonin2
(5-HT2 ) receptors in addition to D2 dopamine receptors.
Unlike the neuroleptics, they improve negative as well
as positive symptoms. They cause minimal extrapyram-
idal symptoms and rarely cause tardive dyskinesias, aka-
thisia, or acute dystonic reactions. The first atypical an-
tipsychotic drug approved for the treatment of schizo-
phrenia was clozapine. Clozapine is effective for the
treatment of schizophrenia, especially for subjects who
do not respond to traditional neuroleptic therapy.
[0017] KelleherJ.P.etal. CADVANCES INATYPICAL
ANTIPSYCHOTICS FORTHE TREATMENT OF SCHIZ-
OPHRENIA NEW FORMULATIONS AND NEW
AGENTS’ CNS DRUGS, ADIS INTERNATIONAL,
AUCKLAND, NZ, vol. 16, no. 4, 2000, pages 249-261)
reviews information about atypical antipsychotic agents.
[0018] The treatment of psychotic disorders with an-
tipsychotic agents has steadily improved over the years.
However, up to now there has been no means, other than
trial and error, to determine which patients will respond
to an antipsychotic agent and what dose level a given
patient may require to produce a therapeutic response
without severe side effects. Since all antipsychotic
agents, even the newer atypical ones, have significant
side effects including extrapyramidal symptoms, such as
rigidity, tremor, bradykinesia (slow movement), and
bradyphrenia (slow thought), as well as tardive dyskine-
sias and dystonias this "trial and error" period could be
time consuming, unpleasant and even dangerous for the
patient and increased the likelihood of non-compliance.
These side effects and toxic effects are dose dependent.
Therefore there is a great need to develop means to de-
termine whether or not a patient will respond to an antip-
sychotic agent and what dose range will be effective In
a particular patient while minimising side effects.

Summary of the Invention

[0019] The presentinvention answers this need by pro-
viding methods for determining the responsiveness of a
patient suffering from or susceptible to a psychotic dis-
order, including but not limited to schizophrenia and
mood disorders with psychotic symptoms, comprising
determining for the two copies of the CNTF gene present
in the individual, the identity of the nucleotides at the pol-
ymorphic site 103 G>A, (the CNTF gene is located on
11912.2 the polymorphism is 103 G>A in GenBank se-
quence X55890 (Version 1)). This nucleotide variation
results in the creation of a new splice acceptor site, an
altered mRNA and a resultant aberrant protein (FS63
TER), see, Pub Med ID No. 9285965. The determination
of treatment is based on the knowledge that if both nu-
cleotides are G then the individual will be responsive to
treatment with lloperidone. If one nucleotide pairis A and
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one is G it can be expected that the individual will be less
responsive to antipsychotic medication, including but not
limited to lloperidone and may require a higher dose or
an adjunctive therapy in addition to, or instead of lloperi-
done. On the basis of this information the individual can
be administered an effective amount of an appropriate
antipsychotic medication designed to minimise side ef-
fects and to maximise response and patient compliance.
[0020] A method of treating a psychotic disorder in a
patientin need of such treatmentis disclosed comprising,
determining for the two copies of the CNTF gene present
in the individual the identity of the nucleotides at the pol-
ymorphic site 103 G>A in GenBank sequence reference
No. X55890 (Version 1) wherein, if both nucleotides are
G then the individual is treated with lloperidone and
wherein, if one nucleotides is A and one is G then the
individual is treated with alternative therapy or with II-
operidone in combination with an alternative therapy.
[0021] Also, a method to treat a psychotic disorder in
a patient in need of such treatment is provided compris-
ing, assaying for the presence of CNTF protein in the
said patients body fluids or tissues, wherein, if CNTF pro-
tein is found in normal levels, indicating GG genotype,
the patient is treated with lloperidone, and if the CNTF
protein is found in intermediate levels the patient is treat-
ed with alternative therapy or with lloperidone in combi-
nation with an alternative therapy.

[0022] Also, a method to treat a psychotic disorder in
a patient in need of such treatment is provided compris-
ing, detecting a level of MRNA expression corresponding
to the G variant of the CNTF gene at the polymorphic site
103 G>A in GenBank sequence reference No. X55890
(Version 1), detecting a level of mMRNA expression cor-
responding to the A variant of the CNTF gene at the pol-
ymorphic site 103 G>A in GenBank sequence reference
No. X55890 (Version 1), comparing the levels of mMRNA
detected in (a) and (b) above wherein, if (a) is two times
or more the value of (b), , the patient is treated with II-
operidone (anti-psychotic medication), and if (a) and (b)
are of similar value, the patient is treated with alternative
therapy or with lloperidone in combination with an alter-
native therapy.

[0023] Also, a method to choose subjects for inclusion
in a clinical study of an anti-psychotic medication is pro-
vided comprising, determining for the two copies of the
CNTF gene present in the individual, the identity of the
nucleotides at the polymorphic site 103 G>A in GenBank
sequence reference No. X55890 (Version 1) wherein,
the individual is included in the study if both nucleotides
are G, and the individual is excluded from the study if
one nucleotide pair is A and one is G.

[0024] Also, akitforusein determining treatment strat-
egy for a patient with a psychotic disorder is disclosed
comprising, an antibody able to recognize and bind the
polypeptide expression product of the CNTF gene, acon-
tainer suitable for containing the said antibody and a sam-
ple of body fluid from the said individual wherein the an-
tibody can contact the CNTF polypeptide if it is present,
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and means to detect the combination of the said antibody
with CNTF polypeptide and also including instructions
for use of the kit.

[0025] Also, akitforuse in determining treatment strat-
egy for a patient with a psychotic disorder is disclosed
comprising, a polynucleotide able to recognize and bind
to the mRNA expression product of the CNTF gene, a
container suitable for containing the said polynucleotide
and a sample of body fluid from the said individual where-
in the said polynucleotide can contact the CNTF mRNA,
if it is present, and means to detect the combination of
the said polynucleotide with the CNTF mRNA and also
including instructions for use of kit.

[0026] Also, a kit for use in determining a treatment
strategy for a patient with a psychotic disorder is dis-
closed comprising, a polynucleotide able to recognize
and bind to some portion of the DNA sequence of the
CNTF gene, a container suitable for containing the said
polynucleotide and a sample of body fluid from the said
individual wherein the polynucleotide can contact the
CNTF DNA sequence ifitis present, and means to detect
the combination of the said polynucleotide with the CNTF
DNA sequence and including instructions for use of kit.
[0027] This invention provides a method for determin-
ing the responsiveness of an individual with a psychotic
disorder to treatment with lloperidone, comprising, de-
termining, for the two copies of the CNTF gene present
in the individual, the identity of a nucleotides at the pol-
ymorphic site at CNTF 103 G>A in GenBank sequence
reference No. X55890 (Version 1); and assigning the in-
dividual to a good responder group if the nucleotides at
the polymorphic site at 103 G>A, indicate that, at the
CNTF polymorphic site at 103 G>A, both nucleotides are
G and to a low responder group if said nucleotides indi-
catethatoneis Atandoneis Gatthe CNTF 103 G>Asite.
[0028] Also, a kit for the identification of a patient’s pol-
ymorphism pattern at the CNTF polymorphic site at 103
G>A is disclosed, said kit comprising a means for deter-
mining a genetic polymorphism pattern at the CNTF pol-
ymorphic site at 103 G>A.

[0029] Also, a kit described in the preceding para-
graph, which further comprises a DNA sample collecting
means, is disclosed.

[0030] Also, a kit described in the preceding para-
graphs is disclosed, wherein the means for determining
agenetic polymorphism pattern atthe CNTF polymorphic
site at 103 G>A comprise at least one CNTF genotyping
oligonucleotide.

[0031] Also, a kit according to the preceding para-
graphs is disclosed, wherein the means for determining
a genetic polymorphism pattern atthe CNTF polymorphic
site at 103 G>A comprise two CNTF genotyping oligo-
nucleotides,

[0032] Also, a kit as described in the preceding para-
graphs is disclosed, wherein the means for determining
a genetic polymorphism pattern atthe CNTF polymorphic
site at 103 G>A comprise at least one CNTF genotyping
primer composition comprising at least one CNTF gen-
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otyping oligonucleotide.

[0033] Also, a kit as described in the preceding para-
graphs is disclosed, wherein the CNTF genotyping prim-
er composition comprises at least two sets of allele spe-
cific primer pairs.

[0034] Also, a kit according to the preceding para-
graphs is disclosed, wherein the two CNTF genotyping
oligonucleotides are packaged in separate containers.
[0035] Also, a method is disclosed wherein a kit ac-
cording to the aforementioned embodiments is used to
determine for the two copies of the CNTF gene present
in the individual the identity of the nucleotides at the pol-
ymorphic site 103 G>A in GenBank sequence reference
No. X55890 (Version 1) and/or for determining, for the
two copies of the CNTF gene present in the individual,
the identity of a nucleotide at a polymorphic site in the
region of the CNTF gene that is in linkage disequilibrium
with the polymorphic site at CNTF 103 G>A in GenBank
sequence reference No. X55890 (Version 1)

[0036] Also, akitforthe identification of MRNA expres-
sion of the CNTF gene is disclosed, said kit comprising
a means for determining the mRNA product of the CNTF
gene.

[0037] Also, akitdescribed inthe preceding paragraph
is disclosed, wherein the means for determining the mR-
NA product of the CNTF gene comprises a polynucle-
otide capable of binding to the mRNA expression product
of the CNTF gene.

[0038] Also, akitforthe identification of MRNA expres-
sion of the CNTF gene according to the preceding par-
agraphs is disclose, wherein the for determining the mR-
NA product of the CNTF gene comprises at least one
polynucleotides specific for one of the variants of the
CNTF gene at the polymorphic site 103 G>A.

[0039] Also, akitforthe identification of MRNA expres-
sion of the CNTF gene is disclosed, wherein the polynu-
cleotide is specific for mMRNA expression of the G variant
of the CNTF gene at the polymorphic site 103 G>A.
[0040] Also, akitfor the identification of MRNA expres-
sion of the CNTF gene is disclosed, wherein the polynu-
cleotide is specific for mMRNA expression of the A variant
of the CNTF gene at the polymorphic site 103 G>A.
[0041] Also, akitaccording tothe preceding paragraph
is disclosed, wherein the polynucleotide is specific for
the irregular mRNA coding for a truncated protein of 62
amino acids.

[0042] Also, akitfor the identification of MRNA expres-
sion of the CNTF gene as described in the preceding
claims is provided, wherein the polynucleotide is binding
the mRNA expression product of the G or A variant of
the CNTF gene under stringent hybridization conditions.
[0043] Also, akitfor the identification of MRNA expres-
sion of the CNTF gene described in the preceding claims
is disclosed, wherein the means for determining the mR-
NA product of the CNTF gene comprise at least two poly-
nucleotides, wherein one polynucleotide is specific for
mRNA expression of the G variant of the CNTF gene at
the polymorphic site 103 G>A, and the other polynucle-
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otide is specific for mMRNA expression of the A variant of
the CNTF gene at the polymorphic site 103 G>A.
[0044] Also, akitdescribed in the preceding paragraph
is provided, wherein the two polynucleotides are pack-
aged in separate containers.

[0045] Also, a method is disclosed, wherein one of the
aforementioned embodiments for the identification of
mRNA expression of the CNTF gene is used for either
(a) detecting a level of MRNA expression corresponding
to the G variant of the CNTF gene at the polymorphic site
103 G>A in GenBank sequence reference No. X55890
(Version 1), and/or (b) detecting a level of MRNA expres-
sion corresponding to the A variant of the CNTF gene at
the polymorphic site 103 G>A in GenBank sequence ref-
erence No. X55890 (Version 1).

[0046] Also, a kit for the identification of a patient’s
CNTF protein level is provided comprising a means for
detecting the polypeptide expression product of the
CNTF gene.

[0047] Also, akitdescribed inthe preceding paragraph
is disclosed, wherein the means comprises an antibody
recognizing the CNTF polypeptide.

[0048] Also, akitaccording tothe preceding paragraph
is disclosed, wherein the binding of the antibody is within
a Kp range of 10e to 10e-13 preferable within a range
of 10e8 to 10e-12.

[0049] Also, a method is disclosed, wherein one of the
aforementioned kits for the identification of a patient’s
CNTF protein level is used for assaying for the presence
of CNTF protein in the patients body fluids or tissues.
[0050] Also, a kit according to the preceding claims is
disclosed further comprising a means for collecting a
body fluid or a tissue sample.

[0051] Also, a method is disclosed of treating a psy-
chotic disorder in a patient in need of such treatment, a
method to choose subjects for inclusion in a clinical study
of an antipsychotic medication, or a method for determin-
ing the responsiveness of an individual with a psychotic
disorder to treatment with lloperidone, wherein said
method is performed ex vivo.

Brief Discussion of the Drawings

[0052] Figure 1 shows the average percent change in
GG TOTPANSS and not-GG TOTPANSS as discussed
in Example 1.

Description of the Preferred Embodiments

[0053] The invention provides methods of determining
the responsiveness of an individual with a psychotic dis-
order to treatment with lloperidone. These methods com-
prise determining the genotype or haplotype of the CNTF
gene and making the determination of responsiveness
based on the presence or absence of one or more poly-
morphic variants in the CNTF gene. The CNTF gene is
located on 11912.2 and the polymorphism is 103 G>A in
GenBank sequence X55890 (Version 1). This nucleotide
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variation results in the creation of a new splice acceptor
site, an altered MRNA and a resultant aberrant protein,
see, Pub Med ID No. 9285965.

[0054] The detection of these polymorphisms can be
used to determine or predict the responsiveness of the
individual to a particular antipsychotic agent, namely II-
operidone. In addition, the polymorphisms can be detect-
ed directly or by detecting the characteristic mMRNA of the
polymorphic variant gene as opposed to the more com-
mon CNTF type.

[0055] Furthermore, detection of the polypeptide (pro-
tein) expression product of the CNTF gene in body fluids
or tissues can be used to determine the presence or ab-
sence of the polymorphism and, the relative level of the
polypeptide expression product can be used to determine
if the polymorphism is present in a homozygous or het-
erozygous state and therefore the responsiveness of the
patient to antipsychotic agents.

[0056] Therefore, a method for the determination of
the presence or absence of the polymorphism in a patient
by identifying the presence of the protein expression
product of the CNTF gene is disclosed Studies have
shown that the mRNA from the A variant is not translated
into a polypeptide expression product. Therefore, if nor-
mal amounts of the protein is found in the body fluids or
tissue samples of the patient then the patientis presumed
to have the more common homozygous G variant and
will respond to antipsychotic agents. If the level of CNTF
protein expression is undetectable then the patientis pre-
sumed to have the homozygous A polymorphism How-
ever, if the patient is found to have an intermediate level
of the protein in body fluids or tissue samples then the
patient will be expected to have heterozygous polymor-
phism with one allele containing G and one containing A
at the polymorphic site. In this case the patient would be
expected to be a non-responder to antipsychotic medi-
cation, including lloperidone, and treatment with an an-
tipsychotic such as lloperidone alone would not be indi-
cated.

[0057] As used herein, the term "normal level" when
used in reference to the level of the polypeptide expres-
sion product of the CNTF gene measured in a body fluid
or body tissue means that the measured level is within
one standard deviation of the mean level of CNTF gene
polypeptide expression product determined in atleast 10
individuals known to have the G variant at both loci at
the 103 G>A polymorphic site in the human CNTF gene
(in the sequence with GenBank accession number
X55890 (Version 1)) when determined in the same body
fluid or tissue type and by the same assay technique.
[0058] As used herein the term "intermediate level"
when used in reference to the level of the polypeptide
expression product of the CNTF gene measured in a
body fluid or body tissue means that the measured level
is more than one standard deviation below the mean level
of CNTF gene polypeptide expression product deter-
mined in at least 10 individuals known to have the G
variant at both loci at the 103 G>A polymorphic site in
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the human CNTF gene (in the sequence with GenBank
accession number X55890 (Version 1)) when deter-
mined in the same body fluid or tissue type and by the
same assay technique.

[0059] Also, methods for determining a patients re-
sponsiveness to antipsychotic agents and to develop
treatment strategies for a patient with a psychotic disor-
der are disclosed. These methods comprise measuring
the amount and ratio of mMRNAs corresponding to the
more common variant of the CNTF gene, i.e., G at site
103, versus the less common polymorphic variant with
A in place of G. In this embodiment the ratio of the two
mRNAs is determined in a sample of the patients body
fluid or body tissue. If all the mRNA is from the G variant
then the patient will be responsive to treatment with an-
tipsychotic agents including lloperidone. However, if both
types of mRNA are found then the patientis heterozygous
for the polymorphism and will be expected to be poorly
responsive to treatment with antipsychotic medication,
including lloperidone and alternative treatment strategies
will be considered.

[0060] One of skill in the art will readily recognize that,
in addition to the specific polymorphism disclosed herein,
any polymorphism that is in linkage disequilibrium with
the said polymorphism can also serve as a surrogate
marker indicating responsiveness to the same drug or
therapy as does the single nucleotide polymorphism
(SNP) that it is in linkage disequilibrium with. Therefore,
any SNP in linkage disequilibrium with the SNPs dis-
closed in this specification, can be used .

Identification and characterization of SNPs

[0061] Many different techniques can be used to iden-
tify and characterize SNPs, including single-strand con-
formation polymorphism analysis, heteroduplex analysis
by denaturing high-performance liquid chromatography
(DHPLC), direct DNA sequencing and computational
methods, see Shi MM, Clin Chem 2001, 47:164-172.
Thanks to the wealth of sequence information in public
databases, computational tools can be used to identify
SNPs in silico by aligning independently submitted se-
quences for a given gene (either cDNA or genomic se-
quences). Comparison of SNPs obtained experimentally
and by in silico methods showed that 55% of candidate
SNPs found by SNPFinder(http://lpgws.nci.nih.gov:
82/perl/snp/snp_cgi.pl) have also been discovered ex-
perimentally, see, Cox et al. Hum Mutal 2001,17:
141-150. However, these in silico methods could only
find 27% of true SNPs.

[0062] The most common SNP typing methods cur-
rently include hybridization, primer extension and cleav-
age methods. Each of these methods must be connected
to an appropriate detection system. Detection technolo-
gies include fluorescent polarization, (see Chan X et al.
Genome Res 1999, 9:492-499), luminometric detection
of pyrophosphate release (pyrosequencing), (see Ahma-
diian A et al. Anal Biochem 2000, 280:103-10), fluores-
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cence resonance energy transfer (FRET)-based cleav-
age assays, DHPLC, and mass spectrometry, (see Shi
MM, Clin Chem 2001, 47:164-172 and U.S. Patent No.
6,300,076 B1). Other methods of detecting and charac-
terizing SNPs are those disclosed in U.S. Patents No.
6,297,018 B1 and 6,300,063 B1.

[0063] In a particularly preferred embodiment the de-
tection of the polymorphism can be accomplished by
means of so called INVADER™ technology (available
from Third Wave Technologies Inc. Madison, Wis.). In
this assay, a specific upstream "invader" oligonucleotide
and a partially overlapping downstream probe together
form a specific structure when bound to complementary
DNA template. This structure is recognized and cut at a
specific site by the Cleavase enzyme, and this results in
the release of the 5 flap of the probe oligonucleotide.
This fragment then servers as the "invader" oligonucle-
otide with respectto synthetic secondary targets and sec-
ondary fluorescently labeled signal probes contained in
the reaction mixture. This results in specific cleavage of
the secondary signal probes by the Cleavase enzyme.
Fluorescence signal is generated when this secondary
probe, labeled with dye molecules capable of fluores-
cence resonance energy transfer, is cleaved. Cleavases
have stringent requirements relative to the structure
formed by the overlapping DNA sequences or flaps and
can, therefore, be used to specifically detect single base
pair mismatches immediately upstream of the cleavage
site on the downstream DNA strand. See Ryan D et al.
Molecular Diagnosis Vol. 4 No 2 1999:135-144 and
Lyamichev V et al. Nature Biotechnology Vol 17 1999:
292-296, see also US Patents 5,846,717 and 6,001,567
[0064] In some embodiments, a composition contains
two or more differently labeled genotyping oligonucle-
otides for simultaneously probing the identity of nucle-
otides at two or more polymorphic sites. It is also con-
templated that primer compositions may contain two or
more sets of allele-specific primer pairs to allow simulta-
neous targeting and amplification of two or more regions
containing a polymorphic site.

[0065] CNTF genotypingoligonucleotides ofthe inven-
tion may also be immobilized on or synthesized on a solid
surface such as a microchip, bead or glass slide (see,
e.g., WO 98/20020 and WO 98/20019). Such immobi-
lized genotyping oligonucleotides may be used in a va-
riety of polymorphism detection assays, including but not
limited to probe hybridization and polymerase extension
assays. Immobilized CNTF genotyping oligonucleotides
of the invention may comprise an ordered array of oligo-
nucleotides designed to rapidly screen a DNA sample
for polymorphisms in multiple genes at the same time.
[0066] An allele-specific oligonucleotide primer of the
invention has a 3’ terminal nucleotide, or preferably a 3’
penultimate nucleotide, that is complementary to only
one nucleotide of a particular SNP, thereby acting as a
primer for polymerase-mediated extension only if the al-
lele containing that nucleotide is present. Allele-specific
oligonucleotide (ASO) primers hybridizing to either the
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coding or noncoding strand are contemplated. An ASO
primer for detecting CNTF gene polymorphisms could be
developed using techniques known to those of skill in the
art.

[0067] Other genotyping oligonucleotides hybridize to
a target region located one to several nucleotides down-
stream of one of the novel polymorphic sites identified
herein. Such oligonucleotides are useful in polymerase-
mediated primer extension methods for detecting one of
the novel polymorphisms described herein and therefore
such genotyping oligonucleotides are referred to herein
as "primer-extension oligonucleotides". In a preferred
embodiment, the 3’-terminus of a primer-extension oli-
gonucleotide is a deoxynucleotide complementary to the
nucleotide located immediately adjacent to the polymor-
phic site.

[0068] Also, a kit is disclosed comprising at least two
genotyping oligonucleotides packaged in separate con-
tainers. The kit may also contain other components such
as hybridization buffer (where the oligonucleotides are
to be used as a probe) packaged in a separate container.
Alternatively, where the oligonucleotides are to be used
to amplify a target region, the kit may contain, packaged
in separate containers, a polymerase and a reaction buff-
er optimized for primer extension mediated by the
polymerase, such as PCR.

[0069] The above described oligonucleotide composi-
tions and kits are useful in methods for genotyping and/or
haplotyping the CNTF gene in an individual. As used
herein, the terms "CNTF genotype" and "CNTF haplo-
type" mean the genotype or haplotype containing the nu-
cleotide pair or nucleotide, respectively, that is present
at one or more of the novel polymorphic sites described
herein and may optionally also include the nucleotide pair
or nucleotide present at one or more additional polymor-
phic sites in the CNTF gene. The additional polymorphic
sites may be currently known polymorphic sites or sites
that are subsequently discovered.

[0070] One embodiment of the genotyping method in-
volves isolating from the individual a nucleic acid mixture
comprising the two copies of the CNTF gene, or a frag-
ment thereof, that are present in the individual, and de-
termining the identity of the nucleotides at one or more
of the polymorphic sites in the two copies to assign a
CNTF genotype to the individual. As will be readily un-
derstood by the skilled artisan, the two "copies" of a gene
inanindividual may be the same allele or may be different
alleles. In a particularly preferred embodiment, the gen-
otyping method comprises determining the identity of the
nucleotides at each polymorphic site.

[0071] Typically, the nucleic acid mixture or protein is
isolated from a biological sample taken from the individ-
ual, such was a blood sample or tissue sample. Suitable
tissue samplesinclude whole blood, semen, saliva, tears,
urine, fecal material, sweat, buccal smears, skin, and bi-
opsies of specific organ tissues such as muscle or nerve
tissue and hair. The nucleic acid mixture may be com-
prised of genomic DNA, mRNA, or cDNA and, in the latter
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two cases, the biological sample must be obtained from
an organ in which the CNTF gene is expressed. Further-
more it will be understood by the skilled artisan that mR-
NA or cDNA preparations would not be used to detect
polymorphisms located in introns or in 5’ and 3’ nontran-
scribed regions. If a CNTF gene fragment is isolated, it
must contain the polymorphic site(s) to be genotyped.
[0072] One embodiment of the haplotyping method
comprises isolating from the individual a nucleic acid mol-
ecule containing only one of the two copies of the CNTF
gene, or a fragment thereof, that is present in the indi-
vidual and determining in that copy the identity of the
nucleotide at one or more of the polymorphic sites in that
copy to assign a CNTF haplotype to the individual. The
nucleic acid may be isolated using any method capable
of separating the two copies of the CNTF gene or frag-
ment, including but not limited to, one of the methods
described above for preparing CNTF isogenes, with tar-
geted in vivo cloning being the preferred approach.
[0073] As will be readily appreciated by those skilled
in the art, any individual clone will only provide haplotype
information on one of the two CNTF gene copies present
in an individual. If haplotype information is desired for the
individual’s other copy, additional CNTF clones will need
to be examined. Typically, at least five clones should be
examined to have more than a 90% probability of haplo-
typing both copies of the CNTF gene in an individual. In
a particularly preferred embodiment, the nucleotide at
each of polymorphic site is identified.

[0074] In a preferred embodiment, a CNTF haplotype
pair is determined for an individual by identifying the
phased sequence of nucleotides at one or more of the
polymorphic sites in each copy of the CNTF gene that is
present in the individual. In a particularly preferred em-
bodiment, the haplotyping method comprises identifying
the phased sequence of nucleotides at each polymorphic
site in each copy of the CNTF gene. When haplotyping
both copies of the gene, the identifying step is preferably
performed with each copy of the gene being placed in
separate containers. However, it is also envisioned that
if the two copies are labeled with different tags, or are
otherwise separately distinguishable or identifiable, it
could be possible in some cases to perform the method
in the same container. For example, if first and second
copies of the gene are labeled with different first and sec-
ond fluorescent dyes, respectively, and an allele-specific
oligonucleotide labeled with yet a third different fluores-
cent dye is used to assay the polymorphic site(s), then
detecting a combination of the first and third dyes would
identify the polymorphism in the first gene copy while
detecting a combination of the second and third dyes
would identify the polymorphism in the second gene
copy.

[0075] In both, the genotyping and haplotyping meth-
ods, the identity of a nucleotide (or nucleotide pair) at a
polymorphic site(s) may be determined by amplifying a
target region(s) containing the polymorphic site(s) direct-
ly from one or both copies of the CNTF gene, or fragment
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thereof, and the sequence of the amplified region(s) de-
termined by conventional methods. It will be readily ap-
preciated by the skilled artisan that only one nucleotide
will be detected at a polymorphic site in individuals who
are homozygous at that site, while two different nucle-
otides will be detected if the individual is heterozygous
for that site. The polymorphism may be identified directly,
known as positive-type identification, or by inference, re-
ferred to as negative-type identification. For example,
where a SNP is known to be guanine and cytosine in a
reference population, a site may be positively determined
to be either guanine or cytosine for all individual ho-
mozygous at that site, or both guanine and cytosine, if
the individual is heterozygous at that site. Alternatively,
the site may be negatively determined to be not guanine
(and thus cytosine/cytosine) or not cytosine (and thus
guanine/guanine).

[0076] In addition, the identity of the allele(s) present
at any of the novel polymorphic sites described herein
may be indirectly determined by genotyping a polymor-
phic site not disclosed herein that is in linkage disequi-
librium with the polymorphic site that is of interest. Two
sites are said to be in linkage disequilibrium if the pres-
ence of a particular variant at one site enhances the pre-
dictability of another variant at the second site (See, Ste-
vens, JC 1999, Mol Diag 4:309-317). Polymorphic sites
in linkage disequilibrium with the presently disclosed pol-
ymorphic sites may be located in regions of the gene or
in other genomic regions not examined herein. Genotyp-
ing of a polymorphic site in linkage disequilibrium with
the novel polymorphic sites described herein may be per-
formed by, but is not limited to, any of the above-men-
tioned methods for detecting the identity of the allele at
a polymorphic site.

[0077] Thetargetregion(s) may be amplified using any
oligonucleotide-directed amplification method, including
but not limited to polymerase chain reaction (PCR) (U.S.
Patent No. 4,965,188), ligase chair reaction (LCR) (Bara-
ny et al., Proc Natl Acad Sci USA 88:189-193, 1991; WO
90/01069), and oligonucleotide ligation assay (OLA)
(Landegren et al., Science 241:1077-1080, 1988). Oli-
gonucleotides useful as primers or probes in such meth-
ods should specifically hybridize to a region of the nucleic
acid that contains or is adjacent to the polymorphic site.
Typically, the oligonucleotides are between 10 and 35
nucleotides in length and preferably, between 15 and 30
nucleotides in length. Most preferably, the oligonucle-
otides are 20 to 25 nucleotides long. The exact length of
the oligonucleotide will depend on many factors that are
routinely considered and practiced by the skilled artisan.
[0078] Other known nucleic acid amplification proce-
dures may be used to amplify the target region including
transcription-based amplification systems (U.S. Patent
No. 5,130,238; EP 329,822; U.S. Patent No. 5,169,766,
WO 89/06700) and isothermal methods (Walker et al.,
Proc Natl Acad Sci USA 89:392-396, 1992).

[0079] A polymorphism in the target region may also
be assayed before or after amplification using one of sev-
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eral hybridization-based methods known in the art. Typ-
ically, allele-specific oligonucleotides are utilized in per-
forming such methods. The allele-specific oligonucle-
otides may be used as differently labeled probe pairs,
with one member of the pair showing a perfect match to
one variant of a target sequence and the other member
showing a perfect match to a different variant. More than
one polymorphic site may be detected at once using a
set of allele-specific oligonucleotides or oligonucleotide
pairs. Preferably, the members of the set have melting
temperatures within 5°C and more preferably within 2°C,
of each other when hybridizing to each of the polymorphic
sites being detected.

[0080] Hybridization of an allele-specific oligonucle-
otide to a target polynucleotide may be performed with
both entities in solution or such hybridization may be per-
formed when either the oligonucleotide or the target poly-
nucleotide is covalently or noncovalently affixed to a solid
support. Attachment may be mediated, for example, by
antibody-antigen interactions, poly-L-Lys, streptavidin or
avidin-biotin, salt bridges, hydrophobic interactions,
chemical linkages, UV cross-linking baking, etc. Allele-
specific oligonucleotides may be synthesized directly on
the solid support or attached to the solid support subse-
quent to synthesis. Solid-supports suitable for use in de-
tection methods of the invention include substrates made
of silicon, glass, plastic, paper and the like, which may
be formed, for example, into wells (as in 96-well plates),
slides, sheets, membranes, fibers, chips, dishes, and
beads. The solid support may be treated, coated or deri-
vatized to facilitate the immobilization of the allele-spe-
cific oligonucleotide or target nucleic acid.

[0081] The genotype or haplotype for the CNTF gene
of an individual may also be determined by hybridization
of a nucleic sample containing one or both copies of the
gene to nucleic acid arrays and subarrays such as de-
scribed in WO 95/11995. The arrays would contain a bat-
tery of allele-specific oligonucleotides representing each
of the polymorphic sites to be included in the genotype
or haplotype.

[0082] The identity of polymorphisms may also be de-
termined using a mismatch detection technique, includ-
ing but not limited to the RNase protection method using
riboprobes (Winter et al., Proc Natl Acad Sci USA 82:
7575, 1985; Meyers et al., Science 230:1242, 1985) and
proteins which recognize nucleotide mismatches, such
as the E. coli muts protein (Modrich P. Ann Rev Genet
25:229-253, 1991). Alternatively, variant alleles can be
identified by single strand conformation polymorphism
(SSCP) analysis (Oritaetal., Genomics 5:874-879, 1989;
Humphries et al., in Molecular Diagnosis of Genetic Dis-
eases, R. Elles, ed., pp. 321-340, 1996) or denaturing
gradient gel electrophoresis (DGGE) (Wartell et at., Nucl
Acids Res 18:2699-2706, 1990; Sheffield et al., Proc Natl
Acad Sci USA 86:232-236, 1989).

[0083] A polymerase-mediated primer extension
method may also be used to identify the polymorphism
(s). Several such methods have been described in the
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patent and scientific literature and include the "Genetic
Bit Analysis" method (WO 92/15712) and the ligase /
polymerase mediated genetic bit analysis (U.S. Patent
No. 5,679,524). Related methods are disclosed in WO
91/02087, WO 90/09455, WO 95/17676, U.S. Patent
Nos. 5,302,509 and 5,945,283. Extended primers con-
taining a polymorphism may be detected by mass spec-
trometry as described in U.S. Patent No. 5,605,798. An-
other primer extension method is allele-specific PCR
(Ruafio et al., Nucl Acids Res 17:8392, 1989; Ruafio et
al., Nucl Acids Res 19, 6877-6882, 1991; WO 93/22456;
Turkietal., | Clin Invest 95:1635-1641, 1995). In addition,
multiple polymorphic sites may be investigated by simul-
taneously amplifying multiple regions of the nucleic acid
using sets of allele-specific primers as described in Wal-
lace et al. (WO 89/10414).

[0084] Also, the haplotypes frequency data for each
ethnogeographic group is examined to determine wheth-
er it is consistent with Hardy-Weinberg equilibrium. Har-
dy-Weinberg equilibrium (D.L. Hartl et al., Principles of
Population Genomics, Sinauer Associates (Sunderland,
MA), 3rd Ed., 1997) postulates that the frequency of find-
ing the haplotype pair H,/H, is equal to Py, (H4/H,) =
2p(Hy) p (Hp) if Hy # Hy and Py, (H4/Hp) = p (Hy) p (Ho)
if H; = H,. A statistically significant difference between
the observed and expected haplotype frequencies could
be due to one or more factors including significant in-
breeding in the population group, strong selective pres-
sure on the gene, sampling bias, and/or errors in the gen-
otyping process. Iflarge deviations from Hardy-Weinberg
equilibrium are observed in an ethnogeographic group,
the number of individuals in that group can be increased
to see if the deviation is due to a sampling bias. If a larger
sample size does not reduce the difference between ob-
served and expected haplotype pair frequencies, then
one may wish to consider haplotyping the individual using
a direct haplotyping method such as, for example,
CLASPER System™ technology (U.S. Patent No.
5,866,404),, or allele-specific long-range PCR (Michalo-
tos-Beloin et al., Nucl Acids Res 24:4841-4843, 1996).
[0085] In one method for predicting a CNTF haplotype
pair, the assigning step involves performing the following
analysis. First, each of the possible haplotype pairs is
compared to the haplotype pairs in the reference popu-
lation. Generally, only one of the haplotype pairs in the
reference population matches a possible haplotype pair
and that pair is assigned to the individual. Occasionally,
only one haplotype represented in the reference haplo-
type pairs is consistent with a possible haplotype pair for
anindividual, andin such cases the individual is assigned
a haplotype pair containing this known haplotype and a
new haplotype derived by subtracting the known haplo-
type from the possible haplotype pair. In rare cases, ei-
ther no haplotype in the reference population are con-
sistent with the possible haplotype pairs, or alternatively,
multiple reference haplotype pairs are consistent with the
possible haplotype pairs. In such cases, the individual is
preferably haplotyped using a direct molecular haplotyp-
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ing method such as, for example, CLASPER System™
technology (U.S. Patent No. 5,866,404), or allele-specific
long-range PCR (Michalotos-Beloin et al., Nucl Acids
Res 24:4841-4843, 1996).

[0086] There also exists a method for determining the
frequency of a CNTF genotype or CNTF haplotype in a
population. The method comprises determining the gen-
otype or the haplotype pair for the CNTF gene that is
present in each member of the population, wherein the
genotype or haplotype comprises the nucleotide pair or
nucleotide detected at one or more of the polymorphic
sites in the CNTF gene, including but not limited to the
FS63 TER polymorphism; and calculating the frequency
any particular genotype or haplotype is found in the pop-
ulation. The population may be a reference population,
a family population, a same sex population, a population
group, a trait population (e.g., a group of individuals ex-
hibiting a trait of interest such as a medical condition or
response to a therapeutic treatment).

[0087] Also frequency data for CNTF genotypes
and/or haplotypes found in a reference population are
used in a method for identifying an association between
a trait and a CNTF genotype or a CNTF haplotype. The
trait may be any detectable phenotype, including but not
limited to susceptibility to a disease or response to a treat-
ment. The method involves obtaining data on the fre-
quency of the genotype(s) or haplotype(s) of interest in
a reference population as well as in a population exhib-
iting the trait. Frequency data for one or both of the ref-
erence and trait populations may be obtained by geno-
typing or haplotyping each individual in the populations
using one of the methods described above. The haplo-
type for the trait population may be determined directly
or, alternatively, by the predictive genotype to haplotype
approach described above.

[0088] Furthermore, the frequency data for the refer-
ence and/or trait populations is obtained by accessing
previously determined frequency data, which may be in
written or electronic form. For example, the frequency
data may be present in a database that is accessible by
a computer. Once the frequency data is obtained the fre-
quencies of the genotype(s) or haplotype(s) of interest
in the reference and trait populations are compared. The
frequencies of all genotypes and/or haplotypes observed
in the populations can be compared. If a particular gen-
otype or haplotype for the CNTF gene is more frequent
in the trait population than in the reference population at
a statistically significantamount, then the trait is predicted
to be associated with that CNTF genotype or haplotype.
[0089] Statistical analysis can be performed by the use
of standard analysis of variation (ANOVA) tests with a
Bonferoni correction and/or a bootstrapping method that
simulates the genotype phenotype correlation many
times and calculates a significance value. When many
polymorphisms are being analyzed a correction to factor
may be performed to correct for a significant association
that might be found by chance. For statistical methods
for use in the methods of this invention, see: Statistical
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Methods in Biology, 3rd edition, Bailey NTJ, Cambridge
Univ. Press (1997); Introduction to Computational Biol-
ogy, Waterman MS, CRC Press (2000), and Bioinformat-
ics, Baxevanis AD and Ouellette BFF editors (2001) John
Wiley & Sons, Inc.

[0090] The trait of interest may be a clinical response
exhibited by a patient to some therapeutic treatment, for
example, response to a drug targeting CNTF or response
to a therapeutic treatment for a medical condition.
[0091] A detectable genotype or haplotype that is in
linkage disequilibrium with the CNTF genotype or hap-
lotype of interest may be used as a surrogate marker. A
genotype that is in linkage disequilibrium with a CNTF
genotype may be discovered by determining if a partic-
ular genotype or haplotype for the CNTF gene is more
frequent in the population that also demonstrates the po-
tential surrogate marker genotype than in the reference
population at a statistically significant amount, then the
marker genotype is predicted to be associated with that
CNTF genotype or haplotype and then can be used as
a surrogate marker in place of the CNTF genotype.
[0092] As used herein, "medical condition" includes
but is not limited to any condition or disease manifested
as one or more physical and/or psychological symptoms
for which treatment is desirable, and includes previously
and newly identified diseases and other disorders.
[0093] As used herein, the term "clinical response"
means any or all of the following: a quantitative measure
of the response, no response, and adverse response
(i.e., side effects).

[0094] Inordertodeduce acorrelation between clinical
response to a treatment and a CNTF genotype or hap-
lotype, it is necessary to obtain data on the clinical re-
sponses exhibited by a population of individuals who re-
ceived the treatment, hereinafter the "clinical population”.
This clinical data may be obtained by analyzing the re-
sults of a clinical trial that has already been run and/or
the clinical data may be obtained by designing and car-
rying out one or more new clinical trials.

[0095] As used herein, the term "clinical trial" means
any research study designed to collect clinical data on
responses to a particular treatment, and includes but is
not limited to phase |, phase Il and phase Ill clinical trials.
Standard methods are used to define the patient popu-
lation and to enroll subjects.

[0096] Itis preferred that the individuals included in the
clinical population have been graded for the existence of
the medical condition of interest. This is important in cas-
es where the symptom(s) being presented by the patients
can be caused by more than one underlying condition,
and where treatment of the underlying conditions are not
the same. An example of this would be where patients
experience breathing difficulties that are due to either
asthma or respiratory infections. If both sets were treated
with an asthma medication, there would be a spurious
group of apparent non-responders that did not actually
have asthma. These people would affect the ability to
detect any correlation between haplotype and treatment
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outcome. This grading of potential patients could employ
a standard physical exam or one or more lab tests. Al-
ternatively, grading of patients could use haplotyping for
situations where there is a strong correlation between
haplotype pair and disease susceptibility or severity.
[0097] The therapeutic treatment of interest is admin-
istered to each individual in the trial population and each
individual’s response to the treatment is measured using
one or more predetermined criteria. It is contemplated
thatin many cases, the trial population will exhibit a range
of responses and that the investigator will choose the
number of responder groups (e.g., low, medium, high)
made up by the various responses. In addition, the CNTF
gene for each individual In the trial population is geno-
typed and/or haplotyped, which may be done before or
after administering the treatment.

[0098] After both the clinical and polymorphism data
have been obtained, correlations between individual re-
sponse and CNTF genotype or haplotype content are
created. Correlations may be produced in several ways.
In one method, individuals are grouped by their CNTF
genotype or haplotype (or haplotype pair) (also referred
to as a polymorphism group), and then the averages and
standard deviations of clinical responses exhibited by the
members of each polymorphism group are calculated.
[0099] These results are then analyzed to determine
if any observed variation in clinical response between
polymorphism groups is statistically significant. Statisti-
cal analysis methods which may be used are described
in L.D. Fisher and G. vanBelle, "Biostatistics: A Method-
ology for the Health Sciences", Wiley-interscience (New
York) 1993. This analysis may also include a regression
calculation of which polymorphic sites in the CNTF gene
give the most significant contribution to the differences
in phenotype. One regression model useful in the inven-
tion is described in the PCT Application entitled "Methods
for Obtaining and Using Haplotype Data", filed June 26,
2000.

[0100] A second method for finding correlations be-
tween CNTF haplotype content and clinical responses
uses predictive models based on error-minimizing opti-
mization algorithms. One of many possible optimization
algorithms is a genetic algorithm (R. Judson, "Genetic
Algorithms and Their Uses in Chemistry" in Reviews in
Computational Chemistry, Vol. 10, pp. 1- 73, K.B. Lip-
kowitz and D.B. Boyd, eds. (VCH Publishers, New York,
1997). Simulated annealing (Press et al., "Numerical
Recipes in C: The Art of Scientific Computing”, Cam-
bridge University Press (Cambridge) 1992, Ch. 10), neu-
ral networks (E. Rich and K. Knight, "Artificial Intelli-
gence", 2nd Edition (McGraw-Hill, New York, 1991, Ch.
18), standard gradient descent methods (Press et al.,
supra Ch. 10), or other global or local optimization ap-
proaches (see discussion in Judson, supra) could also
be used. Preferably, the correlation is found using a ge-
neticalgorithm approach as described in PCT Application
entitled "Methods for Obtaining and Using Haplotype Da-
ta", filed June 26, 2000.
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[0101] Correlations may also be analyzed using ANO-
VA techniques to determine how much of the variation
in the clinical data is explained by different subsets of the
polymorphic sites inthe CNTF gene. As described in PCT
Application entitled "Methods for Obtaining and Using
Haplotype Data", filed June 26, 2000, ANOVA is used to
test hypotheses about whether a response variable is
caused by or correlated with one or more traits or varia-
bles that can be measured (Fisher and vanBelle, supra,
Ch. 10).

[0102] From the analyses described above, a mathe-
matical model may be readily constructed by the spilled
artisan that predicts clinical response as a function of
CNTF genotype or haplotype content. Preferably, the
model is validated in one or more follow-up clinical trials
designed to test the model.

[0103] The identification of an association between a
clinical response and a genotype or haplotype (or hap-
lotype pair) for the CNTF gene may be the basis for de-
signing a diagnostic method to determine those individ-
uals who will or will not respond to the treatment, or al-
ternatively, will respond at a lower level and thus may
require more treatment, i.e., a greater dose of a drug.
The diagnostic method may take one of several forms:
for example, a direct DNA test (i.e., genotyping or hap-
lotyping one or more of the polymorphic sitesinthe CNTF
gene), a serological test, or a physical exam measure-
ment. The only requirement is that there be a good cor-
relation between the diagnostic test results and the un-
derlying CNTF genotype or haplotype that is in turn cor-
related with the clinical response.

[0104] A computer may implement any or all analytical
and mathematical operations discussed above. In addi-
tion, the computer may execute a program that generates
views (or screens) displayed on a display device and with
which the user can interact to view and analyze large
amounts of information relating to the CNTF gene and
its genomic variation, including chromosome location,
gene structure, and gene family, gene expression data,
polymorphism data, genetic sequence data, and clinical
data population data (e.g., data on ethnogeographic or-
igin, clinical responses, genotypes, and haplotypes for
one or more populations). The CNTF polymorphism data
described herein may be stored as part of a relational
database (e.g., an instance of an Oracle database or a
set of ASCII flat files). These polymorphism data may be
stored on the computer’s hard drive or may, for example,
be stored on a CD-ROM or on one or more other storage
devices accessible by the computer. For example, the
data may be stored on one or more databases in com-
munication with the computer via a network.

[0105] Methods, compositions, and kits for haplotyping
and/or genotyping the CNTF gene in an individual are
provided. The methods involve identifying the nucleotide
or nucleotide pair present at nucleotide: 103 G>Ain Gen-
Bank accession number X55890 (Version 1). This nucle-
otide substitution results in the creation of a new splice
acceptor site and a resultant aberrant protein. See,
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PubMed ID # 9285965.

[0106] The compositions contain oligonucleotide
probes and primers designed to specifically hybridize to
one or more target regions containing, or that are adja-
cent to, a polymorphic site. The methods and composi-
tions for establishing the genotype or haplotype of an
individual at the novel polymorphic sites described herein
are useful for studying the effect of the polymorphisms
in the etiology of diseases affected by the expression and
function of the CNTF protein or lack thereof, studying the
efficacy of drugs targeting CNTF, predicting individual
susceptibility to diseases affected by the expression and
function of the CNTF protein and predicting individual
responsiveness to drugs targeting CNTF.

[0107] Also, a method identifying an association be-
tween a genotype or haplotype and a trait is provided.
The trait can be susceptibility to a disease, severity of a
disease, the staging of a disease or response to a drug.
Such methods have applicability in developing diagnostic
tests and therapeutic treatments for all pharmacogenetic
applications where there is the potential for an associa-
tion between a genotype and a treatment outcome in-
cluding efficacy measurements, pharmacokinetic (PK)
measurements and side effect measurements.

[0108] A computer system for storing and displaying
polymorphism data determined for the CNTF gene is also
provided. The computer system comprises a computer
processing unit; a display; and a database containing the
polymorphism data. The polymorphism data includes the
polymorphisms, the genotypes and the haplotypes iden-
tified for the CNTF gene in a reference population. The
computer system may be capable of producing a display
showing CNTF haplotypes organized according to their
evolutionary relationships.

[0109] Disclosed are SNP probes, which are useful in
classifying people according to their types of genetic var-
iation. The SNP probes according to the invention are
oligonucleotides, which can discriminate between alleles
of a SNP nucleic acid in conventional allelic discrimina-
tion assays.

[0110] Asusedherein,a"SNP nucleicacid"isanucleic
acid sequence, which comprises a nucleotide that is var-
iable within an otherwise identical nucleotide sequence
between individuals or groups of individuals, thus, exist-
ing as alleles. Such SNP nucleic acids are preferably
from about 15 to about 500 nucleotides in length. The
SNP nucleic acids may be part of a chromosome, or they
may be an exact copy of a part of a chromosome, e.g.,
by amplification of such a part of a chromosome through
PCR or through cloning. The SNP nucleic acids are re-
ferred to hereafter simply as "SNPs". The SNP probes
according to the invention are oligonucleotides that are
complementary to a SNP nucleic acid.

[0111] As used herein, the term "complementary"
means exactly complementary throughout the length of
the oligonucleotide in the Watson and Crick sense of the
word.

[0112] In certain preferred embodiments, the oligonu-
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cleotides according to this aspect are complementary to
one allele of the SNP nucleic acid, but not to any other
allele of the SNP nucleic acid. Oligonucleotides accord-
ing to this embodiment can discriminate between alleles
of the SNP nucleic acid in various ways. For example,
under stringent hybridization conditions, an oligonucle-
otide of appropriate length will hybridize to one allele of
the SNP nucleic acid, but not to any other allele of the
SNP nucleic acid. The oligonucleotide may be labeled
by a radiolabel or a fluorescent label. Alternatively, an
oligonucleotide of appropriate length can be used as a
primer for PCR, wherein the 3’ terminal nucleotide is com-
plementary to one allele of the SNP nucleic acid, but not
to any other allele. In this embodiment, the presence or
absence of amplification by PCR determines the haplo-
type of the SNP nucleic acid.

[0113] Thus, disclosed is an isolated polynucleotide
comprising a nucleotide sequence that is a polymorphic
variant of a reference sequence for the CNTF gene or a
fragment thereof. The reference sequence comprises
GenBank accession No. X55890 (Version 1) and the pol-
ymorphic variant comprise one polymorphism, 103 G>A.
This polymorphic variant is a naturally occurring isoform
(also referred to herein as an "isogene") of the CNTF
gene.

[0114] In describing the polymorphic sites identified
herein reference is made to the sense strand of the gene
for convenience. However, as recognized by the skilled
artisan, nucleic acid molecules containing the CNTF
gene may be complementary double stranded molecules
and thus, reference to a particular site on the sense
strand refers as well to the corresponding site on the
complementary antisense strand. Thus, reference may
be made to the same polymorphic site on either strand
and anoligonucleotide may be designed to hybridize spe-
cifically to either strand at a target region containing the
polymorphic site. Thus, the invention also includes sin-
gle-stranded polynucleotides that are complementary to
the sense strand of the CNTF genomic variants de-
scribed herein.

[0115] Effect(s) of the polymorphisms on expression
of CNTF may be investigated by preparing recombinant
cells and/or organisms, preferably recombinant animals,
containing a polymorphic variant of the CNTF gene. As
used herein, "expression" includes but is not limited to
one or more of the following: transcription of the gene
into precursor mMRNA; splicing and other processing of
the precursor mRNA to produce mature mRNA; mRNA
stability; translation of the mature mRNA into CTNF pro-
tein (including codon usage and tRNA availability); and
glycosylation and/or other modifications of the translation
product, if required for proper expression and function.
[0116] To prepare a recombinant cell the desired
CNTF isogene may be introduced into the cell in a vector
such that the isogene remains extrachromosomal. In
such a situation, the gene will be expressed by the cell
from the extrachromosomal location. The CNTF isogene
may be introduced into a cell in such a way that it recom-
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bines with the endogenous CNTF gene present in the
cell. Such recombination requires the occurrence of a
double recombination event, thereby resulting in the de-
sired CNTF gene polymorphism. Vectors for the intro-
duction of genes both for recombination and for extra-
chromosomal maintenance are known in the art, and any
suitable vector or vector construct may be used . Meth-
ods such as electroporation, particle bombardment, cal-
cium phosphate co-precipitation and viral transduction
for introducing DNA into cells are known in the art; there-
fore, the choice of method may lie with the competence
and preference of the skilled practitioner.

[0117] Examples of cells into which the CNTF isogene
may be introduced include, but are not limited to, contin-
uous culture cells, such as COS, NIH/3T3, and primary
or culture cells of the relevant tissue type, i.e., they ex-
press the CNTF isogene. Such recombinant cells can be
used to compare the biological activities of the different
protein variants.

[0118] Recombinant organisms, i.e., transgenic ani-
mals, expressing a variant gene are prepared using
standard procedures known in the art. A construct com-
prising the variant gene can be introduced into a nonhu-
man animal or an ancestor of the animal at an embryonic
stage, i.e., the one-cell stage, or generally not later than
about the eight-cell stage. Transgenic animals carrying
the constructs can be made by several methods known
tothose having skill in the art. One method Involves trans-
fecting into the embryo a retrovirus constructed to contain
one or more insulator elements, a gene or genes of in-
terest, and other components known to those skilled in
the art to provide a complete shuttle vector harboring the
insulated gene(s) as a transgene, see e.g., U.S. Patent
No. 5,610,053. Another method involves directly injecting
a transgene into the embryo. A third method involves the
use of embryonic stem cells.

[0119] Examples of animals, into which the CNTF iso-
genes may be introduced include, but are not limited to,
mice, rats, other rodents, and nonhuman primates (see
"The Introduction of Foreign Genes into Mice" and the
cited references therein, In: Recombinant DNA, Eds. J.D.
Watson, M. Gilman, J. Witkowski, and M. Zoller; W.H.
Freeman and Company, New York, pages 254-272).
Transgenic animals stably expressing a human CNTF
isogene and producing human CNTF protein can be used
as biological models for studying diseases related to ab-
normal CNTF expression and/or activity, and for screen-
ing and assaying various candidate drugs, compounds,
and treatment regimens to reduce the symptoms or ef-
fects of these diseases.

[0120] It will be understood by the skilled reader that
most or all of the compounds used in the treatment are
capable of forming salts, and that the salt forms of phar-
maceuticals are commonly used, often because they are
more readily crystallized and purified than are the free
bases. In all cases, the use of the pharmaceuticals de-
scribed above as salts is contemplated in the description
herein, and often is preferred, and the pharmaceutically
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acceptable salts of all of the compounds are included in
the names of them.

[0121] Many of the compounds used in treatment are
amines, and accordingly react with any of a number of
inorganic and organic acids to form pharmaceutically ac-
ceptable acid addition salts. Since some of the free
amines of the compounds of this invention are typically
oils at room temperature, it is preferable to convert the
free amines to their pharmaceutically acceptable acid ad-
dition salts for ease of handling and administration, since
the latter are routinely solid at room temperature. Acids
commonly employed to form such salts are inorganic ac-
ids such as hydrochloric acid, hydrobromic acid, hy-
droiodic acid, sulfuric acid, phosphoric acid, and the like,
and organic acids, such as p-toluenesulfonic acid, meth-
anesulfonic acid, oxalic acid, p- bromophenylsulfonic ac-
id, carbonic acid, succinic acid, citric acid, benzoic acid,
acetic acid and the like.

[0122] Examples of such pharmaceutically acceptable
salts thus are the sulfate, pyrosulfate, bisulfate, sulfite,
bisulfite, phosphate, monohydrogenphosphate, dihydro-
genphosphate, metaphosphate, pyrophosphate, chlo-
ride, bromide, iodide, acetate, propionate, decanoate,
caprylate, acrylate, formate, isobutyrate, caproate, hep-
tanoate, propiolate, oxalate, malonate, succinate, suber-
ate, sebacate, fumarate, maleate, butyne-1,4-dioate,
hexyne-1,6-dioate, benzoate, chlorobenzoate, methyl-
benzoate, dinitrobenzoate, hydroxybenzoate, methoxy-
benzoate, phthalate sulfonate, xylenesulfonate, pheny-
lacetate, phenylpropionate, phenylbutyrate, citrate,
lactate, .beta.-hydroxybutyrate, glycollate, tartrate,
methanesulfonate, propanesulfonate, naphthalene-1-
sulfonate, naphthalene- 2-sulfonate, mandelate and the
like. Preferred pharmaceutically acceptable salts are
those formed with hydrochloric acid, oxalic acid or fumar-
ic acid.

Administration

[0123] The dosages of the drugs must, in the final anal-
ysis, be set by the physician in charge of the case, using
knowledge of the drugs, the properties of the drugs in
combination as determined in clinical trials, and the char-
acteristics of the patient, including diseases other than
that for which the physician is treating the patient. Gen-
eral outlines of the dosages, and some preferred dosag-
es, can and will be provided here, for example; lloperi-
done: from 1 to 50 mg once per day and most preferred
from 12 to 16 mg once per day; Olanzapine: from about
0.25 to 50 mg, once/day; preferred, from 1 to 30 mg,
once/day; and most preferably 1 to 25 mg once/day; Cloz-
apine: from about 12.5 to 900 mg daily; preferred, from
about 150 to 450 mg daily; Risperidone: from about 0.25
to 16 mg daily; preferred from about 2-8 mg daily; Sertin-
dole: from about 0.0001 to 1.0 mg/kg daily; Quetiapine:
from about 1.0 to 40 mg/kg given once daily or in divided
doses; Ziprasidone: from about 5 to 500 mg daily; pre-
ferred from about 50 to 100 mg daily; Haldol: from 0.5 to



25 EP 1 458 888 B1 26

40 mg once per day.

[0124] Allofthe compounds concerned are orally avail-
able and are normally administered orally, and so oral
administration of the adjunctive combination is preferred.
They may be administered together, in a single dosage
form, or may be administered separately. However, oral
administration is not the only route or even the only pre-
ferred route. For example, transdermal administration
may be very desirable for patients who are forgetful or
petulant about taking oral medicine. One of the drugs
may be administered by one route, such as oral, and the
others may be administered by the transdermal, percu-
taneous, intravenous, intramuscular, intranasal or intra-
rectal route, in particular circumstances. The route of ad-
ministration may be varied in any way, limited by the
physical properties of the drugs and the convenience of
the patient and the caregiver.

TRANSCRIPTIONAL STATE MEASUREMENT

[0125] Preferably, measurement of the transcriptional
state is made by hybridization to transcripts arrays, which
are described in this subsection. Certain other methods
of transcriptional state measurement are described later
in this subsection.

Transcript Arrays Generally

[0126] Transcript arrays are produced by hybridizing
detectably labeled polynucleotides representing the mR-
NAtranscripts presentinacell (e.g., fluorescently labeled
cDNA synthesized from total cell MRNA) to a microarray.
A microarray is a surface with an ordered array of binding
(e.g., hybridization) sites for products of many of the
genes in the genome of a cell or organism, preferably
most or almost all of the genes. Microarrays can be made
in a number of ways, of which several are described be-
low. However produced, microarrays share certain char-
acteristics: The arrays are reproducible, allowing multiple
copies of a given array to be produced and easily com-
pared with each other. Preferably the microarrays are
small, usually smaller than 5 cm2, and they are made
from materials that are stable under binding (e.g. nucleic
acid hybridization) conditions. A given binding site or
unique set of binding sites in the microarray will specifi-
cally bind the product of a single gene in the cell. Although
there may be more than one physical binding site (here-
inafter "site") per specific mMRNA, for the sake of clarity
the discussion below will assume that there is a single
site. In a specific embodiment, positionally addressable
arrays containing affixed nucleic acids of known se-
quence at each location are used.

[0127] It will be appreciated that when cDNA comple-
mentary to the RNA of a cell is made and hybridized to
a microarray under suitable hybridization conditions, the
level of hybridization to the site in the array corresponding
to any particular gene will reflect the prevalence in the
cell of mRNA transcribed from that gene. For example,
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when detectably labeled (e.g., with a fluorophore) cDNA
complementary to the total cellular mRNA is hybridized
to a microarray, the site on the array corresponding to a
gene (i.e., capable of specifically binding the product of
the gene) that is not transcribed in the cell will have little
or no signal (e.g., fluorescent signal), and a gene for
which the encoded mRNA is prevalent will have a rela-
tively strong signal.

Preparation of Microarrays

[0128] Microarrays are known in the art and consist of
a surface to which probes that correspond in sequence
to gene products (e.g., cDNAs, mRNAs, cRNAs,
polypeptides, and fragments thereof), can be specifically
hybridized or bound at a known position. In one embod-
iment, the microarray is an array (i.e., a matrix) in which
each position represents a discrete binding site for a
product encoded by a gene (e.g., a protein or RNA), and
in which binding sites are present for products of most
or almost all of the genes in the organism’s genome. The
"binding site" (hereinafter, "site") is a nucleic acid or nu-
cleic acid analogue to which a particular cognate cDNA
can specifically hybridize. The nucleic acid or analogue
of the binding site can be, e.g., a synthetic oligomer, a
full-length cDNA, a less-than full-length cDNA, or a gene
fragment.

[0129] Although the microarray can contain binding
sites for products of all or almost all genes in the target
organism’s genome, such comprehensiveness is not
necessarily required. Usually the microarray will have
binding sites corresponding to at least about 50% of the
genes in the genome, often at least about 75%, more
often at least about 85%, even more often more than
about 90%, and most often at least about 99%. Prefera-
bly, the microarray has binding sites for genes relevant
to testing and confirming a biological network model of
interest.

[0130] A "gene"isidentified as an open reading frame
(ORF) of preferably at least 50, 75, or 99 amino acids
from which a messenger RNA is transcribed in the or-
ganism (e.g., if a single cell) or in some cell in a multicel-
lular organism. The number of genes in a genome can
be estimated from the number of mMRNAs expressed by
the organism, or by extrapolation from a well-character-
ized portion of the genome. When the genome of the
organism of interest has been sequenced, the number
of ORFs can be determined and mRNA coding regions
identified by analysis of the DNA sequence. For example,
the Saccharomyces cerevisiae genome has been com-
pletely sequenced and is reported to have approximately
6275 open reading frames (ORFs) longer than 99 amino
acids. Analysis of these ORFs indicates that there are
5885 ORFs that are likely to specify protein products
(Goffeau et al., 1996, Life with 6000 genes, Science 274:
546-567, which is incorporated by reference inits entirety
for all purposes). In contrast, the human genome is es-
timated to contain approximately 100,000 genes.
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Preparing Nucleic Acids for Microarrays.

[0131] As noted above, the "binding site" to which a
particular cognate cDNA specifically hybridizes is usually
a nucleic acid or nucleic acid analogue attached at that
binding site. The binding sites of the microarray can be
DNA polynucleotides corresponding to at least a portion
of each genein an organism’s genome. These DNAs can
be obtained by, e.g., polymerase chain reaction (PCR)
amplification of gene segments from genomic DNA, cD-
NA (e.g., by RT-PCR), or cloned sequences. PCR prim-
ers are chosen, based on the known sequence of the
genes or cDNA, that result in amplification of unique frag-
ments (i.e. fragments that do not share more than 10
bases of contiguous identical sequence with any other
fragment on the microarray). Computer programs are
usefulinthe design of primers with the required specificity
and optimal amplification properties. See, e.g., Oligo pl
version 5.0 (National Biosciences). In the case of binding
sites corresponding to very long genes, it will sometimes
be desirable to amplify segments near the 3’ end of the
gene so that when oligo-dT primed cDNA probes are
hybridized to the microarray; less-than-full length probes
will bind efficiently. Typically each gene fragment on the
microarray will be between about 50 bp and about 2000
bp, more typically between about 100 bp and about 1000
bp, and usually between about 300 bp and about 800 bp
in length. PCR methods are well known and are de-
scribed, for example, in Innis et al. eds., 1990, PCR Pro-
tocols: A Guide to Methods and Applications, Academic
Press Inc. San Diego, Calif., which is incorporated by
reference inits entirety for all purposes. It will be apparent
that computer controlled robotic systems are useful for
isolating and amplifying nucleic acids.

[0132] An alternative means for generating the nucleic
acid for the microarray is by synthesis of synthetic poly-
nucleotides or oligonucleotides, e.g., using N-phospho-
nate or phosphoramidite chemistries (Froehler et al.,
1986, Nucleic Acid Res 14:5399-5407; McBride et al.,
1983, Tetrahedron Lett. 24:245-248). Synthetic se-
quences are between about 15 and about 500 bases in
length, more typically between about 20 and about 50
bases. Synthetic nucleic acids can include non-natural
bases, e.g., inosine. As noted above, nucleic acid ana-
logues may be used as binding sites for hybridization.
An example of a suitable nucleic acid analogue is peptide
nucleic acid (see, e.g., Egholm et al., 1993, PNA hybrid-
izes to complementary oligonucleotides obeying the
Watson-Crick hydrogen-bonding rules, Nature 365:
566-568; see also U.S. Pat. No. 5,539,083).

[0133] Alternatively the binding (hybridization) sites
are made from plasmid or phage clones of genes, cDNAs
(e.g., expressed sequence tags), or inserts therefrom
(Nguyen et al., 1995, Differential gene expression in the
murine thymus assayed by quantitative hybridization of
arrayed cDNA clones, Genomics 29:207-209). Alterna-
tively the polynucleotide of the binding sites is RNA.
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Attaching Nucleic Acids to the Solid Surface

[0134] The nucleic acid or analogue are attached to a
solid support, which may be made from glass, plastic
(e.g., polypropylene, nylon), polyacrylamide, nitrocellu-
lose, or other materials. A method for attaching the nu-
cleic acids to a surface is by printing on glass plates, as
is described generally by Schena et al., 1995, Quantita-
tive monitoring of gene expression patterns with a com-
plementary DNA microarray, Science 270:467-470. This
method is especially useful for preparing microarrays of
cDNA. See, also, DeRisi et al., 1996, Use of a cDNA
microarray to analyze gene expression patterns in hu-
man cancer, Nature Genetics 14:457-460; Shalon et al.,
1996, A DNA microarray system for analyzing complex
DNA samples using two-color fluorescent probe hybrid-
ization, Genome Res. 6:639-645; and Schena et al.,
1995, Parallel human genome analysis; microarray-
based expression of 1000 genes, Proc. Natl. Acad. Scl.
USA 93:10539-11286.

[0135] A second method for making microarrays is by
making high-density oligonucleotide arrays. Techniques
are known for producing arrays containing thousands of
oligonucleotides complementary to defined sequences,
at defined locations on a surface using photolithographic
techniques for synthesis in situ (see, Fodor et al., 1991,
Light-directed spatially addressable parallel chemical
synthesis, Science 251:767-773; Pease et al., 1994,
Light-directed oligonucleotide arrays for rapid DNA se-
quence analysis, Proc. Natl. Acad. Sci. USA 91:
5022-5026; Lockhart et al., 1996, Expression monitoring
by hybridization to high-density oligonucleotide arrays,
Nature Biotech 14:1675; U.S. Pat. Nos. 5,578,832;
5,556,752; and 5,510,270, or other methods for rapid
synthesis and deposition of defined oligonucleotides
(Blanchard et al., 1996, High-Density Oligonucleotide ar-
rays, Biosensors & Bioelectronics 11: 687-90). When
these methods are used, oligonucleotides (e.g., 20-
mers) of known sequence are synthesized directly on a
surface such as a derivatized glass slide. Usually, the
array produced is redundant, with several oligonucle-
otide molecules per RNA. Oligonucleotide probes can be
chosen to detect alternatively spliced mRNAs.

[0136] Other methods for making microarrays, e.g., by
masking (Maskos and Southern, 1992, Nuc. Acids Res.
20:1679-1684), may also be used. In principal, any type
of array, for example, dot blots on a nylon hybridization
membrane (see Sambrook et al., Molecular Cloning--A
Laboratory Manual (2nd Ed.), Vol. 1-3, Cold Spring Har-
bor Laboratory, Cold Spring Harbor, N.Y., 1989, which
is incorporated in its entirety for all purposes), could be
used, although, as will be recognized by those of skill in
the art, very small arrays will be preferred because hy-
bridization volumes will be smaller.

Generating Labeled Probes

[0137] Methods for preparing total and poly (A)+ RNA
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are well known and are described generally in Sambrook
et al., supra. RNA is extracted from cells of the various
types of interest in this invention using guanidinium thi-
ocyanate lysis followed by CsCI centrifugation (Chirgwin
etal., 1979, Biochemistry 18:5294-5299). Poly (A)+ RNA
is selected by selection with oligo-dT cellulose (see Sam-
brook et al., supra). Cells of interest include wild-type
cells, drug-exposed wild-type cells, cells with modified/
perturbed cellular constituent(s), and drug-exposed cells
with modified/perturbed cellular constituent(s).

[0138] Labeled cDNA is prepared from mRNA by oligo
dT-primed or random-primed reverse transcription, both
of which are well known in the art (see e.g., Klug and
Berger, 1987, Methods Enzymol. 152:316-325). Reverse
transcription may be carried out in the presence of a
dNTP conjugated to a detectable label, most preferably
afluorescently labeled dNTP. Alternatively, isolated mR-
NA can be converted to labeled antisense RNA synthe-
sized by in vitro transcription of double-stranded cDNA
in the presence of labeled dNTPs (Lockhart et al., 1996,
Expression monitoring by hybridization to high-density
oligonucleotide arrays, Nature Biotech. 14: 675, which is
incorporated by reference in its entirety for ail purposes).
Alternatively, the cDNA or RNA probe can be synthesized
in the absence of detectable label and may be labeled
subsequently, e.g., by incorporating biotinylated dNTPs
orrNTP, or some similar means (e.g., photo-cross-linking
a psoralen derivative of biotin to RNAs), followed by ad-
dition of labeled streptavidin (e.g., phycoerythrin-conju-
gated streptavidin) or the equivalent.

[0139] When fluorescently-labeled probes are used,
many suitable fluorophores are known, including fluores-
cein, lissamine, phycoerythrin, rhodamine (Perkin Elmer
Cetus), Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, FluorX (Am-
ersham) and others (see, e.g., Kricka, 1992, Nonisotopic
DNA Probe Techniques, Academic Press San Diego,
Calif.). It will- be appreciated that pairs of fluorophores
are chosen that have distinct emission spectra so that
they can be easily distinguished.

[0140] Alternatively, a label other than a fluorescent
label is used. For example, a radioactive label, or a pair
of radioactive labels with distinct emission spectra, can
be used (see Zhao et al., 1995, High density cDNA filter
analysis: a novel approach for large-scale, quantitative
analysis of gene expression, Gene 156:207; Pletu et al.,
1996, Novel gene transcripts preferentially expressed in
human muscles revealed by quantitative hybridization of
a high density cDNA array, Genome Res. 6:492). How-
ever, because of scattering of radioactive particles, and
the consequent requirement for widely spaced binding
sites, use of radioisotopes is a less-preferred embodi-
ment.

[0141] Labeled cDNA is synthesized by incubating a
mixture containing 0.5 mM dGTP, dATP and dCTP plus
0.1 mM dTTP plus fluorescent deoxyribonucleotides
(e.g., 0.1 mM Rhodamine 110 UTP (Perken Elmer Cetus)
or 0.1 mM Cy3 dUTP (Amersham)) with reverse tran-
scriptase (e.g., SuperScript.TM. 11, L.Tl Inc.) at 42°C for
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60 min.

Hybridization to Microarrays

[0142] Nucleic acid hybridization and wash conditions
are chosen so that the probe "specifically binds" or "spe-
cifically hybridizes" to a specific array site, i.e., the probe
hybridizes, duplexes or binds to a sequence array site
with a complementary nucleic acid sequence but does
not hybridize to a site with a non-complementary nucleic
acid sequence. As used herein, one polynucleotide se-
quence is considered complementary to another when,
if the shorter of the polynucleotides is less than or equal
to 25 bases, there are no mismatches using standard
base-pairing rules or, if the shorter of the polynucleotides
is longer than 25 bases, there is no more than a 5% mis-
match. Preferably, the polynucleotides are perfectly com-
plementary (no mismatches). It can easily be demon-
strated that specific hybridization conditions resultin spe-
cific hybridization by carrying out a hybridization assay
including negative controls (see, e.g., Shalon et al., su-
pra, and Chee et al., supra).

[0143] Optimal hybridization conditions will depend on
the length (e.g., oligomer versus polynucleotide greater
than 200 bases) and type (e.g., RNA, DNA, PNA) of la-
beled probe and immobilized polynucleotide or oligonu-
cleotide. General parameters for specific (i.e., stringent)
hybridization conditions for nucleic acids are described
in Sambrook et al., supra, and in Ausubel et al., 1987,
Current Protocols in Molecular Biology, Greene Publish-
ing and Wiley-interscience, New York, which is incorpo-
rated in its entirety for all purposes. When the cDNA
microarrays of Schena et al. are used, typical hybridiza-
tion conditions are hybridization in 5 X SSC plus 0.2%
SDS at 65°C for 4 hours followed by washes at 25°C in
low stringency wash buffer (1 X SSC plus 0.2% SDS)
followed by 10 minutes at 25°C in high stringency wash
buffer (0.1 X SSC plus 0.2% SDS) (Shena et al., 1996,
Proc. Natl. Acad. Sci. USA, 93:10614). Useful hybridiza-
tion conditions are also provided in, e.g., Tijessen, 1993,
Hybridization With Nucleic Acid Probes, Elsevier Science
Publishers B. V. and Kricka, 1992, Nonisotopic DNA
Probe Techniques, Academic Press San Diego, Calif.

Signal Detection and Data Analysis

[0144] When fluorescently labeled probes are used,
the fluorescence emissions at each site of a transcript
array can be, preferably, detected by scanning confocal
laser microscopy. A separate scan, using the appropriate
excitation line, is carried out for each of the two fluoro-
phores used. Alternatively, a laser can be used that al-
lows specimen illumination at wavelengths specific to the
fluorophores used and emissions from the fluorophore
can be analyzed. The arrays are scanned with a laser
fluorescent scanner with a computer controlled X-Y stage
and a microscope objective. Sequential excitation of the
fluorophore is achieved with a multi-line, mixed gas laser
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and the emitted light is split by wavelength and detected
with a photomultiplier tube. Fluorescence laser scanning
devices are described in Schena et al., 1996, Genome
Res. 6:639-645 and in other references cited herein. Al-
ternatively, the fiber-optic bundle described by Ferguson
etal., 1996, Nature Biotech. 14:1681-1684, may be used
to monitor mRNA abundance levels at a large number of
sites simultaneously.

[0145] Signals are recorded and analyzed by compu-
ter, e.g., using a 12 bit analog to digital board. In one
embodiment the scanned image is despeckled using a
graphics program (e.g., Hijaak Graphics Suite) and then
analyzed using an image gridding program that creates
a spreadsheet of the average hybridization at each-
wavelength at each site.

[0146] Ifnecessary, anexperimentally determined cor-
rection for "cross talk" (or overlap) between the channels
for the two fluors may be made. For any particular hy-
bridization site on the transcript array, a ratio of the emis-
sion of the two fluorophores is preferably calculated. The
ratio is independent of the absolute expression level of
the cognate gene, but is useful for genes whose expres-
sion is significantly modulated by drug administration,
gene deletion, or any other tested event.

[0147] In addition to identifying a perturbation as pos-
itive or negative, itis advantageous to determine the mag-
nitude of the perturbation. This can be carried out by
methods that will be readily apparent to those of skill in
the art.

Other Methods of Transcriptional State Measure-
ment

[0148] The transcriptional state of a cell may be meas-
ured by other gene expression technologies known in
the art.

TAQMAN™ BASED mRNA LEVELS ANALYSIS

[0149] The RT-PCR (real-time quantitative PCR) as-
say utilizes an RNA reverse transcriptase to catalyze the
synthesis of a DNA strand from an RNA strand, including
an mRNA strand. The resultant DNA may be specifically
detected and quantified and this process may be used
to determine the levels of specific species of MRNA. One
method for doing this is known under the Trademark
TAQMAN (PE Applied Biosystems, Foster City, CA) and
exploits the 5’ nuclease activity of AMPLI TAQ GOLD™
DNA Polymerase to cleave a specific form of probe during
a PCR reaction. This is referred to as a TAQMANT™
probe. See, LuthraR, et al., Novel 5’ exonuclease-based
real-time PCR assay for the detection of t(14;18)(q32;
g21) in patients with follicular lymphoma., Am J Pathol.,
Vol 153, (1998), pp.: 63-68. The probe consists of an
oligonucleotide (usually =20 mer) with a 5’-reporter dye
and a 3’-quencher dye. The fluorescent reporter dye,
such as FAM (6-carboxyfluorescein), is covalently linked
to the 5 end of the oligonucleotide. The reporter is
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quenched by TAMRA (6-carboxy-N,N,N’,N’-tetramethyl-
rhodamine) attached via a linker arm that Is located at
the 3’ end. See, Kulmells RG, et al., Structural analogues
of TagMan probes for real-time quantitative PCR., Nu-
cleic Acids Symp Ser., Vol 37, (1997), pp.: 255-256 and
Mullah B, et al., Efficient synthesis of double dye-labeled
oligodeoxyribonucleotide probes and their application in
a real time PCR assay., Nucleic Acids Res., Vol 15,
(1998), pp.: 1026-1031. During the reaction, cleavage of
the probe separates the reporter dye and the quencher
dye, resulting in increased fluorescence of the reporter.
[0150] The accumulation of PCR products is detected
directly by monitoring the increase in fluorescence of the
reporter dye. See Heid CA, et al., Real time quantitative
PCR., Genome Res., Vol 6, (1996), pp.: 986-994. Reac-
tions are characterised by the point in time during cycling
when amplification of a PCR product is first detected rath-
er than the amount of PCR product accumulated after a
fixed number of cycles. The higher the starting copy
number of nucleic acid target, the sooner a significant
increase in fluorescence is observed. See, Gibson UE,
et al., A novel method for real time quantitative RT-PCR,
Genome Res., Vol 6, (1996), pp.: 995-1001.

[0151] When the probe is intact, the proximity of the
reporter dye to the quencher dye results in suppression
of the reporter fluorescence primarily by Forster-type en-
ergy transfer. See, Lakowicz JR, et al., Oxygen quench-
ing and fluorescence depolarization of tyrosine residues
in proteins, J Biol Chem., Vol 258, (1983), pp.:
4794-4801. During PCR, if the target of interest is
present, the probe specifically anneals between the for-
ward and reverse primer sites. The 5’-3’ nucleolytic ac-
tivity of the AMPLITAQ GOLD™ DNA Polymerase
cleaves the probe between the reporter and the quencher
only if the probe hybridizes to the target. The probe frag-
ments are then displaced from the target, and polymer-
ization of the strand continues. This process occurs in
every cycle and does not interfere with the exponential
accumulation of product. The 3’ end of the probe is
blocked to prevent extension of the probe during PCR.
[0152] The passive reference is a dye included in the
TAQMAN™ Buffer and does not participate in the 5’ nu-
clease assay. The passive reference provides an internal
reference to which the reporter dye signal can be nor-
malized during data analysis. Normalization is necessary
to correct for fluorescent fluctuations due to changes in
concentration or volume.

[0153] Normalization is accomplished by dividing the
emission intensity of the reporter dye by the emission
intensity of the passive reference to obtain a ratio defined
as the R,, (hormalized reporter) for a given reaction tube.
[0154] The threshold cycle or C, value is the cycle at
which a statistically significant increase in AR, is first de-
tected. Onagraph of R, versus cycle number, the thresh-
old cycle occurs when the sequence detection applica-
tion begins to detect the increase In signal associated
with an exponential growth of PCR product.

[0155] To perform quantitative measurements serial
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dilutions of a cRNA (standard) are included in each ex-
periment in order to construct a standard curve neces-
sary for the accurate and fastmRNA quantitation. In order
to estimate the reproducibility of the technique the am-
plification of the same cRNA simple may be performed
multiple times.

[0156] Othertechnologies for measuring the transcrip-
tional state of a cell produce pools of restriction fragments
of limited complexity for electrophoretic analysis, such
as methods combining double restriction enzyme diges-
tion with phasing primers (see, e.g., European Patent 0
534858 A1, filed Sep. 24, 1992, by Zabeau et al.), or
methods selecting restriction fragments with sites closest
to a defined mRNA end (see, e.g., Prashar et al., 1996,
Proc. Natl. Acad Sci, USA 93:659-663).

[0157] Othermethods statistically sample cDNA pools,
such as by sequencing sufficient bases (e.g., 20-50 bas-
es) in each of multiple cDNAs to identify each cDNA, or
by sequencing short tags (e.g., 9-10 bases) which are
generated at known positions relative to a defined mRNA
end (see, e.g., Velculescu, 1995, Science 270:484-487).
pathway pattern.

MEASUREMENT OF OTHER ASPECTS

[0158] Aspects of the biological state other than the
transcriptional state, such as the translational state, the
activity state, or mixed aspects can be measured in order
to obtain drug and pathway responses. Details are de-
scribed in this section.

Transnational State Measurements

[0159] Expression of the protein encoded by the gene
(s) can be detected by a probe which is detectably la-
beled, or which can be subsequently labeled. Generally,
the probe is an antibody that recognizes the expressed
protein.

[0160] As used herein, the term antibody includes, but
is not limited to, polyclonal antibodies, monoclonal anti-
bodies, humanized or chimeric antibodies, and biologi-
cally functional antibody fragments sufficient for binding
of the antibody fragment to the protein.

[0161] For the production of antibodies to a protein en-
coded by one of the disclosed genes, various host-ani-
mals may be immunized by injection with the polypeptide,
or a portion thereof. Such host animals may include, but
are not limited to, rabbits, mice, and rats, to name but a
few. Various adjuvants may be used to increase the im-
munological response, depending on the host species,
including, but not limited to, Freund’s (complete and in-
complete), mineral gels such as aluminum hydroxide,
surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole lim-
pet hemocyanin, dinitrophenol, and potentially useful hu-
man adjuvants such as BCG (bacille Camette-Guerin)
and Corynebacterium parvum.

[0162] Polyclonal antibodies are heterogeneous pop-
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ulations of antibody molecules derived from the sera of
animals immunized with an antigen, such as target gene
product, or an antigenic functional derivative thereof. For
the production of polyclonal antibodies, host animals,
such as those described above, may be immunized by
injection with the encoded protein, or a portion thereof,
supplemented with adjuvants as also described above.
[0163] Monoclonal antibodies (mAbs), which are ho-
mogeneous populations of antibodies to a particular an-
tigen, may be obtained by any technique that provides
for the production of antibody molecules by continuous
cell lines in culture. These include, but are not limited to,
the hybridoma technique of Kohler and Milstein, Nature,
256:495-497 (1975); and U.S. PatentNo. 4,376,110. The
human B-cell hybridoma technique of Kosbor et al., Im-
munology Today, 4:72 (1983); Cole et al., Proc. Natl.
Acad Sci. USA, 80:2026-2030 (1983); and the EBV-hy-
bridoma technique, Cole et al., Monoclonal Antibodies
and Cancer Therapy, Alan R. Liss, Inc.. pp. 77-96 (1985).
Such antibodies may be of any immunoglobulin class
including IgG, IgM, IgE, IgA, IgD and any subclass there-
of. The hybridoma producing the mAb of this invention
may be cultivated in vitro or in vivo. Production of high
titers of mAbs in vivo makes this the presently preferred
method of production.

[0164] In addition, techniques developed for the pro-
duction of "chimeric antibodies", Morrison et al., Proc.
Natl. Acad Sci USA, 81:6851-6855 (1984); Neuberger
et,al., Nature, 312:604-608 (1984); Takeda et al., Nature,
314:452-454(1985), by splicing the genes from a mouse
antibody molecule of appropriate antigen specificity to-
gether with genes from a human antibody molecule of
appropriate biological activity can be used. A chimeric
antibody is a molecule in which different portions are de-
rived from different animal species, such as those having
a variable or hypervariable region derived form a murine
mAb and a human immunoglobulin constant region.
[0165] Alternatively, techniques described for the pro-
duction of single chain antibodies, U.S. Patent No.
4,946,778; Bird, Science, 242:423-426 (1988); Huston
et al., Proc. Natl. Acad. Sci. USA, 85:5879-5883 (1988);
and Ward et al., Nature, 334:544-546 (1989), can be
adapted to produce differentially expressed gene-single
chain antibodies. Single chain antibodies are formed by
linking the heavy and light chain fragments of the Fv re-
gion via an amino acid bridge, resulting in a single chain
polypeptide.

[0166] More preferably, techniques useful for the pro-
duction of "humanized antibodies" can be adapted to pro-
duce antibodies to the proteins, fragments or derivatives
thereof. Such techniques are disclosed in U.S. Patent
Nos. 5,932,448; 5,693,762; 5,693,761; 5,585,089;
5,530,101; 5,569,825; 5,625,126; 5,633,425; 5,789,650;
5,661,016; and 5,770,429.

[0167] Antibody fragments, which recognize specific
epitopes, may be generated by known techniques. For
example, such fragments include, but are not limited to,
the F(ab’), fragments which can be produced b pepsin
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digestion of the antibody molecule and the Fab fragments
which can be generated by reducing the disulfide bridges
of the F(ab’), fragments. Alternatively, Fab expression
libraries may be constructed, Huse et al., Science, 246:
1275-1281 (1989), to allow rapid and easy identification
of monoclonal Fab fragments with the desired specificity.
[0168] The extent to which the known proteins are ex-
pressed in the sample is then determined by immu-
noassay methods that utilize the antibodies described
above. Such immunoassay methods Include, but are not
limited to, dot blotting, western blotting, competitive and
noncompetitive protein binding assays, enzyme-linked
immunosorbantassays (ELISA), immunohistochemistry,
fluorescence activated cell sorting (FACS), and others
commonly used and widely described in scientific and
patent literature, and many employed commercially.
[0169] Particularly preferred, for ease of detection, is
the sandwich ELISA, of which a number of variations
exist, all of which are intended to be encompassed by
the present invention. For example, in a typical forward
assay, unlabeled antibody is immobilized on a solid sub-
strate and the sample to be tested brought into contact
with the bound molecule after a suitable period of incu-
bation, for a period of time sufficient to allow formation
of an antibody-antigen binary complex. At this point, a
second antibody, labeled with a reporter molecule capa-
ble of inducing a detectable signal, is then added and
incubated, allowing time sufficient for the formation of a
ternary complex of antibody-antigen-labeled antibody.
Any unreacted material is washed away, and the pres-
ence of the antigen is determined by observation of a
signal, or may be quantitated by comparing with a control
sample containing known amounts of antigen. Variations
on the forward assay include the simultaneous assay, in
which both sample and antibody are added simultane-
ously to the bound antibody, or a reverse assay in which
the labeled antibody and sample to be tested are first
combined, incubated and added to the unlabeled surface
bound antibody. These techniques are well known to
those skilled in the art, and the possibility of minor vari-
ations willbe readily apparent. As used herein, "sandwich
assay" is intended to encompass all variations on the
basic two-site technique. For the immunoassays of the
present invention, the only limiting factor is that the la-
beled antibody must be an antibody that is specific for
the protein expressed by the gene of interest.

[0170] The most commonly used reporter molecules
in this type of assay are either enzymes, fluorophore- or
radionuclide-containing molecules. In the case of an en-
zyme immunoassay an enzyme is conjugated to the sec-
ond antibody, usually by means of glutaraldehyde or peri-
odate. As will be readily recognized, however, a wide
variety of different ligation techniques exist, which are
well known to the skilled artisan. Commonly used en-
zymes include horseradish peroxidase, glucose oxidase,
beta-galactosidase and alkaline phosphatase, among
others. The substrates to be used with the specific en-
zymes are generally chosen for the production, upon hy-
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drolysis by the corresponding enzyme, of a detectable
color change. For example, p-nitrophenyl phosphate is
suitable for use with alkaline phosphatase conjugates;
for peroxidase conjugates, 1,2-phenylenediamine or
toluidine are commonly used. Itis also possible to employ
fluorogenic substrates, which yield a fluorescent product
rather than the chromogenic substrates noted above. A
solution containing the appropriate substrate is then add-
ed to the tertiary complex. The substrate reacts with the
enzyme linked to the second antibody giving a qualitative
visual signal, which may be further quantitated, usually
spectrophotometrically, to give an evaluation of the
amount of protein which is present in the serum sample.
[0171] Alternately, fluorescent compounds, such as
fluorescein and rhodamine, may be chemically coupled
to antibodies without altering their binding capacity.
When activated by illumination with light of a particular
wavelength, the fluorochrome-labeled antibody absorbs
the light energy, inducing a state of excitability in the mol-
ecule, followed by emission of the light at a characteristic
longer wavelength. The emission appears as a charac-
teristic color visually detectable with a light microscope.
Immunofluorescence and EIA techniques are both very
well established in the art and are particularly preferred
for the present method. However, other reporter mole-
cules, such as radioisotopes, chemiluminescent or bio-
luminescent molecules may also be employed. It will be
readily apparent to the skilled artisan how to vary the
procedure to suit the required use.

[0172] Measurement of the translational state may al-
so be performed according to several additional meth-
ods. For example, whole genome monitoring of protein
(i.e., the "proteome," Goffeau et al., supra) can be carried
out by constructing a microarray in which binding sites
comprise immobilized, preferably monoclonal, antibod-
ies specific to a plurality of protein species encoded by
the cell genome. Preferably, antibodies are present for
a substantial fraction of the encoded proteins, or at least
for those proteins relevant to testing or confirming a bi-
ological network model of interest. Methods for making
monoclonal antibodies are well know (see, e.g., Harlow
and Lane, 1988, Antibodies: A Laboratory Manual, Cold
Spring Harbor, N.Y., which is incorporated in its entirety
for all purposes). Monoclonal antibodies are raised
against synthetic peptide fragments designed based on
genomic sequence of the cell. With suck an antibody ar-
ray, proteins from the cell are contacted to the array. and
their binding is assayed with assays known in the art.
[0173] Alternatively, proteins can be separated by two-
dimensional gel electrophoresis systems. Two-dimen-
sional gel electrophoresis is well known in the art and
typically involves iso-electric focusing along a first dimen-
sion followed by SDS-PAGE electrophoresis along asec-
ond dimension. See, e.g., Hames et al., 1990, Gel Elec-
trophoresis of Proteins: A Practical Approach, IRL Press,
New York; Shevchenko et al., 1996, Proc. Nat'l Acad.
Sci. USA 93:1440-1445; Sagliocco et al., 1996, Yeast
12:1519-1533; Lander, 1996, Science 274:536-539. The
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resulting electropherograms can be analyzed by numer-
ous techniques, including mass spectrometric tech-
niques, western blotting and immunoblot analysis using
polyclonal and monoclonal antibodies, and internal and
N-terminal micro-sequencing. Using these techniques, it
is possible to identify a substantial fraction of all the pro-
teins produced under given physiological conditions, in-
cluding in cells (e.g., in yeast) exposed to a drug, or In
cells modified by, e.g., deletion or over-expression of a
specific gene.

Other Aspects of the Biological State

[0174] Activity measurements can be performed by
any functional, biochemical, or physical means appropri-
ate to the particular activity being characterized. Where
the activity Involves a chemical transformation, the cel-
lular protein can be contacted with the natural substrates,
and the rate of transformation measured. Where the ac-
tivity involves association In multimeric units, for example
association of an activated DNA binding complex with
DNA, the amount of associated protein or secondary con-
sequences of the association, such as amounts of MRNA
transcribed, can be measured. Also, where only a func-
tional activity is known, for example, as in cell cycle con-
trol, performance of the function can be observed.
[0175] Alternatively, response data may be formed of
mixed aspects of the biological state of a cell. Response
data can be constructed from, e.g., changes in certain
mRNA abundance, changes in certain protein abundanc-
es, and changes in certain protein activities.

The Detection of Nuclei Acids and Proteins as Mark-
ers

[0176] The level of mMRNA corresponding to the marker
can be determined both by in situ and by in vitro formats
in a biological sample using methods known in the art.
The term "biological sample" is intended to include tis-
sues, cells, biological fluids and isolates thereof, isolated
from a subject, as well as tissues, cells and fluids present
within a subject. Many expression detection methods use
isolated RNA. For in vitro methods, any RNA isolation
technique that does not select against the isolation of
mRNA can be utilized for the purification of RNA from
cells (see, e,g., Ausubel, et al., Ed., Current Protocols in
Molecular Biology, John Wiley & Sons, New York
(1987-1999). Additionally, large numbers of tissue sam-
ples can readily be processed using techniques well-
known to those of skill in the art, such as, for example,
the single-step RNA isolation process of Chomczynski,
U.S. Patent No. 4,843,155 (1989).

[0177] Theisolated mRNA canbe used in hybridization
or amplification assays that include, but are not limited
to, Southern or Northern analyses, polymerase chain re-
action analyses and probe arrays. One diagnostic meth-
od for the detection of mRNA levels involve contacting
the isolated mRNA with a nucleic acid molecule (probe)
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that can hybridize to the mRNA encoded by the gene
being detected. The nucleic acid probe can be, for ex-
ample, a full-length cDNA, or a portion thereof, such as
an oligonucleotide of at least 7, 15, 30, 50, 100, 250 or
500 nucleotides in length and sufficient to specifically hy-
bridize under stringent conditions to a mRNA or genomic
DNA encoding a marker. Hybridization of an mRNA with
the probe indicates that the marker in question is being
expressed.

[0178] In one format, the mRNA is immobilized on a
solid surface and contacted with a probe, for example,
by running the isolated mRNA on an agarose gel and
transferring the mRNA from the gel to a membrane, such
as nitrocellulose. In an alternative format, the probe(s)
are immobilized on a solid surface and the mRNA is con-
tacted with the probe(s), for example, in an Affymetrix
gene chip array. A skilled artisan can readily adapt known
mRNA detection methods for use in detecting the level
of mMRNA encoded by the markers of the present inven-
tion.

[0179] An alternative method for determining the level
of mRNA corresponding to a marker in a sample involves
the process of nucleic acid amplification, e.g., by RT-
PCR (the experimental embodiment set forth in Mullis,
U.S. Patent No. 4,383,202 (1987); ligase chain reaction,
Barany, Proc. Natl. Acad. Sci. USA, 88:189-193 (1991);
self-sustained sequence replication, Guatelli et al., Proc.
Natl. Acad. Sci. USA, 87:1874-18.78 (1990); transcrip-
tional amplification system, Kwoh et al., Proc. Natl. Ac.
Sci. USA, 86:1173-1177 (1989); Q-Beta Replicase, Liz-
ardi et al., Bio/Technology, 6:1197 (1988); rolling circle
replication, Lizardi et al., U.S. Patent No. 5,854,033
(1988); or any other nucleic acid amplification method,
followed by the detection of the amplified molecules using
techniques well-known to those of skill in the art. These
detection schemes are especially useful for the detection
of the nucleic acid molecules if such molecules are
present in very low numbers. As used herein, amplifica-
tion primers are defined as being a pair of nucleic acid
molecules that can anneal to 5’ or 3’ regions of a gene
(plus and minus strands, respectively, or vice-versa) and
contain a short region in between. In general, amplifica-
tion primers are from about 10 to 30 nucleotides in length
and flank a region from about 50 to 200 nucleotides in
length. Under appropriate conditions and with appropri-
ate reagents, such primers permit the amplification of a
nucleic acid molecule comprising the nucleotide se-
quence flanked by the primers.

[0180] For in situ methods, mRNA does not need to
be isolated form the cells prior to detection. In such meth-
ods, a cell or tissue sample is prepared/processed using
known histological methods. The sample is then immo-
bilized on a support, typically a glass slide, and then con-
tacted with a probe that can hybridize to mRNA that en-
codes the marker.

[0181] As an alternative to making determinations
based on the absolute expression level of the marker,
determinations may be based on the normalized expres-
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sion level of the marker. Expression levels are normal-
ized by correcting the absolute expression level of a
marker by comparing its expression to the expression of
a gene that is not a marker, e.g., a housekeeping gene
that is constitutively expressed. Suitable genes for nor-
malization include housekeeping genes such as the actin
gene, or epithelial cell-specific genes. This normalization
allows the comparison of the expression level in one sam-
ple, e.g., a patient sample, to another sample, or between
samples from different sources.

[0182] Alternatively, the expression level can be pro-
vided as a relative expression level. To determine a rel-
ative expression level of a marker, the level of expression
of the marker is determined for 10 or more samples of
normal versus disease biological samples, preferably 50
or more samples, prior to the determination of the ex-
pression level for the sample in question. The mean ex-
pression level of each of the genes assayed in the larger
number of samples is determined and this is used as a
baseline expression level for the marker. The expression
level of the marker determined for the test sample (ab-
solute level of expression) is then divided by the mean
expression value obtained for that marker. This provides
a relative expression level.

[0183] Preferably, the samples used in the baseline
determination will be from patients who do not have the
polymorphism. The choice of the cell source is dependent
on the use of the relative expression level. Using expres-
sion found in normal tissues as a mean expression score
aids in validating whether the marker assayed is specific
(versus normal cells). In addition, as more data is accu-
mulated, the mean expression value can be revised, pro-
viding improved relative expression values based on ac-
cumulated data.

Detection of Polypeptides

[0184] Alternatively, a polypeptide corresponding to a
marker is detected. A preferred agent for detecting a
polypeptide of the invention is an antibody capable of
binding to a polypeptide corresponding to a marker of
the invention, preferably an antibody with a detectable
label. Antibodies can be polyclonal, or more preferably,
monoclonal. An intact antibody, or a fragment thereof
(e.g., Fab or F (ab’),) can be used. The term "labeled",
with regard to the probe or antibody, is intended to en-
compass direct labeling of the probe or antibody by cou-
pling (i.e., physically linking) a detectable substance to
the probe or antibody, as well as indirect labeling of the
probe or antibody by reactivity with another reagent that
is directly labeled. Examples of indirect labeling include
detection of a primary antibody using a fluorescently la-
beled secondary antibody and end labeling of a DNA
probe with biotin such that it can be detected with fluo-
rescently labeled streptavidin.

[0185] Proteins from patients with psychotic disorders
can be isolated using techniques that are well known to
those of skill in the art. The protein isolation methods
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employed can, for example, be such as those described
in Harlow and Lane, Antibodies: A Laboratory Manual,
Harlow and Lane, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988).

[0186] A variety of formats can be employed to deter-
mine whether a sample contains a protein that binds to
a given antibody. Examples of such formats include, but
are not limited to, enzyme immunoassay (EIA); radioim-
munoasay (RIA), Western blot analysis and enzyme
linked immunoabsorbant assay (ELISA). A skilled artisan
can readily adapt known protein/antibody detection
methods for use in determining whether cells express a
marker of the present invention.

[0187] In one format, antibodies, or antibody frag-
ments, can be used in methods such as Western blots
or immunofluorescence techniques to detect the ex-
pressed proteins. In such uses; It-is generally preferable
to immobilize either the antibody or proteins on a solid
support. Suitable solid phase supports or carriers include
any support capable of binding an antigen or an antibody.
Well-known supports or carriers include glass, polysty-
rene, polypropylene, polyethylene, dextran, nylon, amy-
lases, natural and modifies celluloses, polyacrylamides,
gabbros, and magnetite.

[0188] One skilled in the art will know many other suit-
able carriers for binding antibody or antigen, and will be
able to adapt such support for use with the present in-
vention. For example, protein isolated from patient cells
can be run on a polyacrylamide gel electrophoresis and
immobilized onto a solid phase support such as nitrocel-
lulose. The support can then be washed with suitable
buffers followed by treatment with the detectably labeled
antibody. The solid phase support can then be washed
with the buffer a second time to remove unbound anti-
body. The amount of bound label on the solid support
can then be detected by conventional means.

[0189] Also, kits for detecting the presence of a
polypeptide or nucleic acid corresponding to a marker of
the invention in a biological sample (e.g., any body fluid
including but not limited to, serum, plasma, lymph, cystic
fluid, urine, stool, csf, acitic fluid, or blood and including
biopsy samples of body tissue) are disclosed for exam-
ple, the kit can comprise a labeled compound or agent
capable of detecting a polypeptide or an mRNA encoding
a polypeptide corresponding to a marker of the invention
in a biological sample and means for determining the
amount of the polypeptide or mRNA in the sample (e.g.,
an antibody which binds the polypeptide or an oligonu-
cleotide probe which binds to DNA or mRNA encoding
the polypeptide). Kits can also include instructions for
interpreting the results obtained using the kit.

[0190] For antibody-based kits, the kit can comprise,
for example: 1) a first antibody (e.g., attached to a solid
support) which binds to a polypeptide corresponding to
a marker or the invention; and, optionally, 2) a second,
different antibody which binds to either the polypeptide
or the first antibody and is conjugated to a detectable
label.
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[0191] For oligonucleotide-based kits, the kit can com-
prise, for example: 1) an oligonucleotide, e.g., a detect-
ably labeled oligonucleotide, which hybridizes to a nu-
cleic acid sequence encoding a polypeptide correspond-
ing to a marker of the invention; or 2) a pair of primers
useful for amplifying a nucleic acid molecule correspond-
ing to a marker of the invention. The kit can also comprise,
e.g., a buffering agent, a preservative, or a protein-sta-
bilizing agent. The kit can further comprise components
necessary for detecting the detectable label (e.g., an en-
zyme or a substrate). The kit can also contain a control
sample or a series of control samples, which can be as-
sayed and compared to the test sample. Each compo-
nent of the kit can be enclosed within an individual con-
tainer and all of the various containers can be within a
single package, along with instructions for interpreting
the results of the assays performed using the kit.

Introduction of Antibodies into Cells

[0192] Characterization of intracellular proteins can be
done in a variety of ways. For example, antibodies can
be introduced into cells in many ways, including, for ex-
ample, microinjection of antibodies into a cell (Morgan et
al., 1988, Immunology Today 9:84-86) or transforming
hybridoma mRNA encoding a desired antibody into a cell
(Burke et al., 1984, Cell 36:847-858). In a further tech-
nique, recombinant antibodies can be engineering and
ectopically expressed in a wide variety of non-lymphoid
cell types to bind to target proteins as well as to block
target protein activities (Blocca et al., 1995, Trends in
Cell Biology 5:248-252). Expression of the antibody is
preferably under control of a controllable promoter, such
as the Tet promoter, or a constitutively active promoter
(for production of saturating perturbations). A first step
is the selection of a particular monoclonal antibody with
appropriate specificity to the target protein (see below).
Then sequences encoding the variable regions of the
selected antibody can be cloned into various engineered
antibody formats, including, for example, whole antibody,
Fab fragments, Fv fragments, single chain Fv fragments
(VH and VL regions united by a peptide linker) ("ScFv"
fragments), diabodies (two associated ScFv fragments
with different specificity), and so forth (Hayden et al.,
1997, Current Opinion in immunology 9:210-212). Intra-
cellularly expressed antibodies of the various formats can
be targeted into cellular compartments (e.g., the cyto-
plasm, the nucleus, the mitochondria, etc.) by expressing
them as fusion’s with the various known intracellular lead-
er sequences (Bradbury et al., 1995, Antibody Engineer-
ing (vol. 2) (Borrebaeck ed.), pp. 295-361, IRL Press). In
particular, the ScFv format appears to be particularly suit-
able for cytoplasmic targeting.

The Variety of Useful Antibody Types

[0193] Antibody types include, but are not limited to,
polyclonal, monoclonal, chimeric, single chain, Fab frag-
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ments, and an Fab expression library. Various proce-
dures known in the art may be used for the production
of polyclonal antibodies to atarget protein. For production
of the antibody, various host animals can be immunized
by injection with the target protein, such host animals
include, but are not limited to, rabbit, mice, rats, etc. Var-
ious adjuvants can be used to increase the immunolog-
ical response, depending on the host species, and in-
clude, but are not limited to, Freund’s (complete and in-
complete), mineral gels such as aluminum hydroxide,
surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, dinitrophe-
nol, and potentially useful human adjuvants such as ba-
cillus Calmette-Guerin (BCG) and Corynebacterium par-
vum.

Monoclonal Antibodies

[0194] For preparation of monoclonal antibodies di-
rected towards a target protein, any technique that pro-
vides for the production of antibody molecules by contin-
uous cell lines in culture may be used. Such techniques
include, butare not restricted to, the hybridomatechnique
originally developed by Kohler and Milstein (1975, Nature
256: 495-497), the trioma technique, the human B-cell
hybridoma technique (Kozbor et al., 1983, Immunology
Today 4: 72), and the EBV hybridoma technique to pro-
duce human monoclonal antibodies (Cole et al., 1985, in
Monoclonal Antibodies and Cancer Therapy, Alan R.
Liss, Inc., pp. 77-96). Also, monoclonal antibodies can
be produced in germ-free animals utilizing recent tech-
nology (PCT/US90/02545). Human antibodies may be
used and can be obtained by using human hybridomas
(Cote et al., 1983, Proc. Natl. Acad Sci. USA 80:
2026-2030), or by transforming human B cells with EBV
virus in vitro (Cole et al., 1985, in Monoclonal Antibodies
and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). In
fact, according to the invention, techniques developed
for the production of "chimeric antibodies" (Morrison et
al., 1984, Proc. Natl. Acad. Sci. USA_81: 6851-6855;
Neuberger et al., 1984, Nature 312:604-608; Takeda et
al., 1985, Nature 314: 452-454) by splicing the genes
from a mouse antibody molecule specific for the target
protein together with genes from a human antibody mol-
ecule of appropriate biological activity can be used.

[0195] Additionally, where monoclonal antibodies are
advantageous, they can be alternatively selected from
large antibody libraries using the techniques of phage
display (Marks et al., 1992, J. Biol. Chem. 267:
16007-16010). Using this technique, libraries of up to
1012 different antibodies have been expressed on the
surface of fd filamentous phage, creating a "single pot"
in vitro immune system of antibodies available for the
selection of monoclonal antibodies (Griffiths et al., 1994,
EMBO J. 13:3245-3260). Selection of antibodies from
such libraries can be done by techniques known in the
art, including contacting the phage to immobilized target
protein, selecting and cloning phage bound to the target,
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and subcloning the sequences encoding the antibody
variable regions into an appropriate vector expressing a
desired antibody format.

[0196] Techniques described for the production of sin-
gle chain antibodies (U.S. Pat. No. 4,946,778) can be
adapted to produce single chain antibodies specific to
the target protein. An additional embodiment of the in-
vention utilizes the techniques described for the con-
struction of Fab expression libraries (Huse et al., 1989,
Science 246: 1275-1281) to allow rapid and easy identi-
fication of monoclonal Fab fragments with the desired
specificity for the target protein.

[0197] Antibody fragments that contain the idiotypes
of the target protein can be generated by techniques
known in the art. For example, such fragments include,
but are not limited to: the F(ab’), fragment which can be
produced by pepsin digestion of the antibody molecule;
the Fab’ fragments that can be generated by reducing
the disulfide bridges of the F (ab’), fragment, the Fab
fragments that can be generated by treating the antibody
molecule with papain and a reducing agent, and Fv frag-
ments.

[0198] In the production of antibodies, screening for
the desired antibody can be accomplished by techniques
known in the art, e.g., ELISA (enzyme-linked immuno-
sorbent assay). To select antibodies specific to a target
protein, one may assay generated hybridomas or a
phage display antibody library for an antibody that binds
to the target protein.

EXAMPLES

Example 1

[0199] Some aspects of the present invention can be
demonstrated by an example showing the manner in
which the correlation between the polymorphism in the
CNTF gene and response to antipsychotic medication
was first found.

[0200] In an effort to identify genetic factors that may
associate with treatment response to lloperidone, the re-
lationship between a polymorphism in the CNTF (ciliary
neurotrophic factor) gene (located on 11g12.2, the poly-
morphism being 103 G>A in GenBank sequence X55890
(Version 1), see PubMed: 9285965) and the clinical re-
sponse to the antipsychotic lloperidone in a clinical trial
was investigated. This trial was a randomized, double-
blind, placebo- and risperidone-controlled, multicenter
study to evaluate the efficacy and safety of two non-over-
lapping dose ranges of lloperidone (12 or 16 mg/d and
20 or 24 mg/d and risperidone (6 or 8 mg/d) compared
with placebo, given twice-daily (b.i.d) for 42 days to schiz-
ophrenic patients followed by a long-term treatment
phase with lloperidone given once daily (g.d) at doses of
4, 8, 12, 16, or 24 mg/d for 46 weeks to patients with
schizophrenia.

[0201] Pharmacogenetic analysis for candidate gene
polymorphisms was conducted in Phase Il of the clinical
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trial. It was determined whether the CNTF (ciliary neuro-
trophic factor) 103 G>A polymorphism (GenBank se-
quence X55890 (Version 1)) 103 G>A, (expressed pro-
tein alteration FS63 TER) was associated with any of the
clinical parameters of efficacy studied in the course of
the clinical trial and specifically changes in the BPRSA,
Total PANNS, Positive PANNS, Negative PANNS and
General PANNS scales.

[0202] A significant association was observed be-
tween the polymorphisminthe CNTF gene and treatment
response (BPRSA and Total PANNS scales) in the II-
operidone 12-16 mg treatment group. For description of
the PANNS scale see, Nay SR etal. 1987, Schizophrenia
Bulletin 13;2:261-276. Individuals in this group that are
of the GG type of the CNTF gene responded significantly
better than the non-GG type and the response of the GG
type versus the placebo is highly significant (p<0.001).
These results show that antipsychotic medications, such
as loperidone, have greater efficacy for the treatment of
psychotic disorders, such as Schizophrenia, among in-
dividuals of the GG type of the CNTF gene. In this way
a significant association between the CNTF 103 G>A
polymorphism (GenBank sequence X55890 (Version 1))
and both the BPRSA and Total PANNS scales was iden-
tified.

[0203] A total of 207 unique blood samples were col-
lected from the patients at the trial sites. The DNA was
extracted by Covance (Geneva) using the PURE-
GENE™ DNA isolation Kit (D-50K). The CNTF 103 G>A
polymorphism (GenBank sequence X55890 (Version 1))
polymorphism was described by Takahashi, see, Taka-
hashi et al. Nature Genet. 7: 79-84, 1994.

[0204] The probe sets for genotyping were designed
and synthesized by Third Wave Technologies, Inc (Mad-
ison, WI). Genotyping was performed on 60ng of genom-
ic DNA using the INVAER® assay according to the man-
ufacturer’s recommendations (Third Wave Technolo-
gies, Inc, Madison WI), See Ryan D et al. Molecular Di-
agnosis Vol. 4 No 21999:135-144 and Lyamichev V et
al. Nature Biotechnology Vol 171999:292-296, see also
US Patents 5,846,717 and 6,001,567 (the disclosures of
which are incorporated herein by reference in their en-
tirety).

[0205] The analysis involved an analysis of variance
test within treatments to check if any of the polymor-
phisms that were genotyped were significantly associat-
ed with the clinical parameters. The model consists of
the percentchangein the clinical parameters categorized
by the genotypes. The association between genotype
and the clinical parameters, when treatments are com-
pared with placebo, is established using analysis of var-
iance and analysis of covariance.

[0206] The terms in the analysis of variance model in-
clude percent change in the clinical parameters catego-
rized by treatment for individuals with the same genotype.
The terms in the analysis of covariance model include
baseline values and endpoint values of the clinical pa-
rameters under study categorized by treatment groups
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for individuals with the same genotype. Analysis of var-
iance within treatments revealed that the Total PANSS
and BPRSA were significantly associated (p<0.001) with
the CNTF 103 G>A polymorphism on CNTF for individ-
uals treated with 12-16 mg dose of lloperidone (Group
A). The polymorphism is present on an intron and results
in the modification of a splice site, which in turn results
in a truncated mRNA. The result of these modifications
is a varying clinical response.

Example 2

[0207] A 30 year old woman with new onset of a psy-
chotic disorder is seen by a physician. After diagnosing
a psychotic disorder that could be benefited by antipsy-
chotic agents, her physician counsels the patient about
the possibility of testing her for the presence of the pol-
ymorphism in the CNTF gene and explains what this re-
sult would mean with regard to the-use of medication,
Including lloperidone.

[0208] With the patients consent, the physician per-
forms a test to determine the patient’s genotype and de-
termines that the patient has the GG form of the CNTF
gene at position 103. The physician discusses with the
patient the short- and long-term consequences of antip-
sychotic medication treatment. The physician also dis-
cusses the other available treatment modalities and med-
ications.

[0209] On the basis of these results, the physician rec-
ommends and the patient agrees to a trial of a medication
such as lloperidone to help control the symptoms of the
psychotic disorder with the expectation that the patient
will show a favorable response to relatively low doses
with minimum side effects.

Example 3

[0210] A 52 year old man, with a psychotic disorder is
seen by his physician with complaints of typical antipsy-
chotic side effects such as akathesia and dyskinesias.
The patient is being treated with lloperidone and his psy-
chotic symptoms are in good control but he is experienc-
ing numerous side effects from the medication. The phy-
sician recommends genotyping and counsels the patient
regarding the treatment options that the genotyping re-
sults would allow. The patient is tested and determined
to have the genotype GG, associated with the most fa-
vorable response to lloperidone. On the basis of this re-
sult and the expected high sensitivity to lloperidone the
physician is able to recommend a treatment regimen with
a substantially lower dose of lloperidone with reduced
likelihood of side effects. The physician is able to reduce
the patients lloperidone dose and reduce side effects and
improve patient compliance without risking the worsen-
ing of the patients psychotic disorder with possible dan-
ger to the patient and others.

EP 1 458 888 B1

10

15

20

25

30

35

40

45

50

55

25

46

Glossary and Definitions

[0211] The following glossary and definitions are pro-
vided to facilitate understanding of certain terms used
frequently in this specification.

[0212] As used herein the term "psychotic disorder"
shall mean any pathologic psychological condition in
which psychotic symptoms can or do occur and includes,
but is not limited to the following; (also see, Diagnostic
and Statistical Manual of Mental Disorders 4th Edition
(DSM-IV) Francis A editor, American Psychiatric Press,
Wash, DC, 1994).

Schizophrenic Disorders

[0213]

Schizophrenia, Catatonic, Subchronic, (295.21),
Schizophrenia, Catatonic, Chronic (295.22),
Schizophrenia, Catatonic, Subchronic with Acute
Exacerbation (295.23),

Schizophrenia, Catatonic, Chronic with Acute Exac-
erbation (295.24),

Schizophrenia, Catatonic, in Remission (295.55),
Schizophrenia, Catatonic, Unspecified (295.20),
Schizophrenia, Disorganized, Subchronic (295.11),
Schizophrenia, Disorganized, Chronic (295.12),
Schizophrenia, Disorganized, Subchronic with
Acute Exacerbation (295.13),

Schizophrenia, Disorganized, Chronic with Acute
Exacerbation (295.14),
Schizophrenia, Disorganized, in
(295.15),

Schizophrenia, Disorganized, Unspecified (295.10),
Schizophrenia, Paranoid, Subchronic (295.31),
Schizophrenia, Paranoid, Chronic (295.32),
Schizophrenia, Paranoid, Subchronic with Acute Ex-
acerbation (295.33),

Schizophrenia, Paranoid, Chronic with Acute Exac-
erbation (295.34),

Schizophrenia, Paranoid, in Remission (295.35),
Schizophrenia, Paranoid, Unspecified (295.30),
Schizophrenia, Undifferentiated, Subchronic (295.
91),

Schizophrenia, Undifferentiated, Chronic (295.92),
Schizophrenia, Undifferentiated, Subchronic with
Acute Exacerbation (295.93),

Schizophrenia, Undifferentiated, Chronic with Acute
Exacerbation (295.94),

Remission

Schizophrenia, Undifferentiated, in Remission
(295.95),
Schizophrenia, Undifferentiated, Unspecified
(295.90),

Schizophrenia, Residual, Subchronic (295.61),
Schizophrenia, Residual, Chronic (295.62),
Schizophrenia, Residual, Subchronic with Acute Ex-
acerbation (295.63),

Schizophrenia, Residual, Chronic with Acute Exac-



47 EP 1 458 888 B1 48

erbation (295.94),
Schizophrenia, Residual, in Remission (295.65),
Schizophrenia, Residual, Unspecified (295.60),

Delusional (Paranoid) Disorder (297.10),

Brief Reactive Psychosis (298.80),
Schizophreniform Disorder (295.40),
Schizoaffective Disorder (295.70),

Induced Psychotic Disorder (297.30),

Psychotic Disorder NOS (Atypical Psychosis)
(298.90)

Affective Disorders

[0214]

Major Depressive Disorder, Severe with Psychotic
Features (296.33)

Bipolar | Disorder, Single Manic Episode, Severe
with Psychotic Features (296.23)

Bipolar I Disorder, Most Recent Episode Hypomanic
(296.43)

Bipolar | Disorder, Most Recent Episode Manic, Se-
vere with Psychotic Features (296.43)

Bipolar | Disorder, Most Recent Episode Mixed, Se-
vere with Psychotic Features (296.63)

Bipolar | Disorder Most Recent Episode Depressed ,
Severe with Psychotic Features (296.53)

Bipolar | Disorder, Most Recent Episode Unspecified
(296.89)

Bipolar Il Disorder (296.89)

Cyclothymic Disorder (301.13)

Bipolar Disorder NOS (366)

Mood Disorder Due To (General Medical Condition)
(293.83)

Mood Disorder NOS (296.90)

Conduct Disorder, Solitary Aggressive Type
(312.00),

Conduct Disorder, Undifferentiated Type (312.90),
Tourette’s Disorder (307.23),

Chronic Motor Or Vocal Tic Disorder (307.22),
Transient Tic Disorder (307.21),

Tic Disorder NOS (307. 20),

Psychoactive Substance Use Disorders

[0215]

Alcohol Withdrawal Delirium (291.00),

Alcohol Hallucinosis (291.30),

Alcohol Dementia Associated with Alcoholism
(291.20),

Amphetamine or Similarly Acting Sympathomimetic
Intoxication (305.70),

Amphetamine or Similarly Acting Sympathomimetic
Delirium (292.81),

Amphetamine or Similarly Acting Sympathomimetic
Delusional Disorder (292.11),
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Cannabis Delusional Disorder (292.11),

Cocaine Intoxication (305.60),

Cocaine Delirium (292.81),

Cocaine Delusional Disorder (292.11),
Hallucinogen Hallucinosis (305.30),

Hallucinogen Delusional Disorder (292.11),
Hallucinogen Mood Disorder (292.84),
Hallucinogen Post hallucinogen Perception Disorder
(292.89),

Phencyclidine (PCP) or Similarly Acting Arylcy-
clohexylamine Intoxication (305.90),

Phencyclidine (PCP) or Similarly Acting Arylcy-
clohexylamine Delirium (292.81),

Phencyclidine (PCP) or Similarly Acting Arylcy-
clohexylamine Delusional Disorder (292. 11),
Phencyclidine (PCP) or Similarly Acting Arylcy-
clohexylamine Mood Disorder (292.84),
Phencyclidine (PCP) or Similarly Acting Arylcy-
clohexylamine Organic Mental Disorder NOS
(292.90),

Other or Unspecified Psychoactive Substance Intox-
ication (305.90),

Other or Unspecified Psychoactive Substance De-
lirium (292.81),

Other or Unspecified Psychoactive Substance De-
mentia (292.82),

Other or Unspecified Psychoactive Substance De-
lusional Disorder (292.11),

Other or Unspecified Psychoactive Substance Hal-
lucinosis (292.12),

Other or Unspecified Psychoactive Substance Mood
Disorder (292.84),

Other or Unspecified Psychoactive Substance Anx-
iety Disorder (292.89),

Other or Unspecified Psychoactive Substance Per-
sonality Disorder (292.89),

Other or Unspecified Psychoactive Substance Or-
ganic Mental Disorder NOS(292.90)

Delirium (293.00),

Dementia (294.10),

Obsessive Compulsive Disorder (300.30),
Intermittent Explosive Disorder (312. 34),
Impulse Control Disorder NOS (312.39)

Personality Disorders

[0216]

Personality Disorder, Paranoid (301.00),
Personality Disorder, Schizoid (301.20),
Personality Disorder, Schizotypal (301.22),
Personality Disorder, Antisocial (301.70),
Personality Disorder, Borderline (301.83)

[0217] The term "antipsychotic agent" as used herein
means any medication used to decrease or ameliorate
the symptoms of psychosis in a person with a psychotic
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disorder and includes, but is not limited to the following
compounds: Acetophenazine Maleate; Alentemol Hyd-
robromide; Alpertine; Azaperone; Batelapine Maleate;
Benperidol; Benzindopyrine Hydrochloride; Brofoxine;
Bromperidol; Bromperidol Decanoate; Butaclamol Hy-
drochloride; Butaperazine; Butaperazine Maleate; Car-
phenazine Maleate; Carvotroline Hydrochloride; Chlo-
rpromazine; Chlorpromazine Hydrochloride; Chlorpro-
thixene; Cinperene; Cintriamide; Clomacran Phosphate;
Clopenthixol; Clopimozide; Clopipazan Mesylate;
Cloroperone Hydrochloride; Clothiapine; Clothixamide
Maleate; Clozapine; Cyclophenazine Hydrochloride;
Droperidol; Etazolate Hydrochloride; Fenimide; Flucin-
dole; Flumezapine; Fluphenazine Decanoate; Fluphen-
azine Enanthate; Fluphenazine Hydrochloride; Flus-
piperone; Fluspirilene; Flutroline; Gevotroline Hydro-
chloride; Halopemide; Haloperidol; Haloperidol De-
canoate; lloperidone; Imidoline Hydrochloride; Lenper-
one; Mazapertine Succinate; Mesoridazine; Mesori-
dazine Besylate; Metiapine; Milenperone; Milipertine;
Molindone Hydrochloride; Naranol Hydrochloride; Neflu-
mozide Hydrochloride; Ocaperidone; Olanzapine; Ox-
iperomide; Penfluridol; Pentiapine Maleate; Perphena-
zine; Pimozide; Pinoxepin Hydrochloride; Pipamperone;
Piperacetazine; Pipotiazine Palmitate; Piquindone Hy-
drochloride; Prochlorperazine Edisylate; Prochlorpera-
zine Maleate; Promazine Hydrochloride; Quetiapine; Re-
moxipride; Remoxipride Hydrochloride; Risperidone;
Rimcazole Hydrochloride; Seperidol Hydrochloride;
Sertindole; Setoperone; Spiperone; Thioridazine; Thior-
idazine Hydrochloride; Thiothixene; Thiothixene Hydro-
chloride; Tioperidone Hydrochloride; Tiospirone Hydro-
chloride; Trifluoperazine Hydrochloride; Trifluperidol; Tri-
flupromazine; Triflupromazine Hydrochloride; and
Ziprasidone Hydrochloride.

[0218] In addition the term "antipsychotic agent" as
used herein, includes so-called "atypical antipsychotic"
medications including, but are not limited to:

Olanzapine, 2-methyl-4-(4-methyl-1-piperazinyl)-
10H-thieno[2,3 b][1,5]benzodiazepine, is a known
compound and is described in U.S. Pat. No.
5,229,382 as being useful for the treatment of schiz-
ophrenia, schizophreniform disorder, acute mania,
mild anxiety states, and psychosis. U.S. Pat. No.
5,229,382

Clozapine,  8-chloro-11-(4-methyl-1-piperazinyl)-
5H-dibenzo[b,e][1,4]diazepine, is described in U.S.
Pat. No. 3,539,573, Clinical efficacy in the treatment
of schizophrenia is described (Hanes, et al., Psy-
chopharmacol. Bull., 24, 62 (1988));

Risperidone, 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-
yl)piperidino]ethyl]-2-methyl-6,7,8,9-tetrahydro-4H-
pyrido-[1,2-a]pyrimidin-4-one, and its use in the
treatment of psychotic diseases are described in
U.S. Pat. No. 4,804,663,
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Sertindole, 1-[2-[4-[5-chloro-1-(4-fluorophenyl)-1H-
indol-3-yl]-1-piperidinyllethyllimidazolidin-2-one, is
described in U.S. Pat. No. 4, 710,500. Its use in the
treatment of schizophrenia is described in U.S. Pat.
Nos. 5,112,838 and 5,238,945. U.S. Pat. Nos.
4,710,500; 5,112,838; and 5,238,945

Quetiapine, 5-[2-(4-dibenzo[b,f][1,4]thiazepin-11-yl-
1-piperazinyl)ethoxy-]ethanol, and its activity in as-
says which demonstrate utility in the treatment of
schizophrenia are described in U.S. Pat. No.
4,879,288 Quetiapine is typically administered as its
(E)-2-butenedioate (2:1) salt; and;

Ziprasidone,  5-[2-[4-(1,2-benzoisothiazol-3-yl)-1-
piperazinyl]ethyl]-6-chloro-1,3-dihydro-2H-indol-2-

one, is typically administered as the hydrochloride
monohydrate. The compound is described in U.S.
Pat. Nos. 4,831,031 and 5,312,925. Its activity in as-
says which demonstrate utility in the treatment of
schizophrenia are described in U. S. Pat. No.
4,831,031. U.S. Pat. Nos. 4,831,031 and 5,312,925

[0219] "Significant level" as used herein, in refer-
ence to the level of expression of MRNA or polypeptide
product from a particular allele (for example the polymor-
phism in the CNTF gene (located on 11912.2), the poly-
morphism being 103 G>A in GenBank sequence
X55890, see PubMed: 9285965) means that level of ex-
pression that would lead one of skill in the art to believe
that the allele in question was present.

[0220] "Antibodies" as used herein includes polyclo-
nal and monoclonal antibodies, chimeric, single chain,
and humanized antibodies, as well as Fab fragments,
including the products of an Fab or otherimmunoglobulin
expression library.

[0221] "Polynucleotide"” generally refers to any
polyribonucleotide (RNA) or polydeoxribonucleotide
(DNA), which may be unmodified or modified RNA or
DNA. "Polynucleotides" include, without limitation, sin-
gle- and double-stranded DNA, DNA that is a mixture of
single- and double- stranded regions, single- and double-
stranded RNA, and RNA that is mixture of single- and
double-stranded regions, hybrid molecules comprising
DNA and RNA that may be single-stranded or, more typ-
ically, double-stranded or a mixture of single- and double-
stranded regions. In addition, "polynucleotide" refers to
triple-stranded regions comprising RNA or DNA or both
RNA and DNA. The term "polynucleotide" also includes
DNAs or RNAs containing one or more modified bases
and DNAs or RNAs with backbones modified for stability
or for other reasons.

[0222] "Modified" bases include, for example, tritylat-
ed bases and unusual bases such as inosine. A variety
of modifications may be made to DNA and RNA; thus,
"polynucleotide" embraces chemically, enzymatically or
metabolically modified forms of polynucleotides as typi-
cally found in nature, as well as the chemical forms of
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DNA and RNA characteristic of viruses and cells. "Poly-
nucleotide" also embraces relatively short polynucle-
otides, often referred to as oligonucleotides.

[0223] "Polypeptide™ refers to any polypeptide com-
prising two or more amino acids joined to each other by
peptide bonds or modified peptide bonds, - i.e., peptide
isosteres. "Polypeptide” refers to both short chains, com-
monly referred to as peptides, oligopeptides or oligom-
ers, and to longer chains, generally referred to as pro-
teins. Polypeptides may contain amino acids other than
the 20 gene-encoded amino acids. "Polypeptides" in-
clude amino acid sequences modified either by natural
processes, such as post-translational processing, or by
chemical modification techniques that are well known in
the art. Such modifications are well described in basic
texts and in more detailed monographs, as well as in a
voluminous research literature. Modifications may occur
anywhere in a polypeptide, including the peptide back-
bone, the amino acid side-chains and the amino or car-
boxyl termini.

[0224] It will be appreciated that the same type of mod-
ification may be present to the same or varying degrees
at several sites in a given polypeptide. Also, a given
polypeptide may contain many types of modifications.
Polypeptides may be branched as a result of ubiquitina-
tion, and they may be cyclic, with or without branching.
Cyclic, branched and branched cyclic polypeptides may
result from post-translation natural processes or may be
made by synthetic methods. Modifications include
acetylation, acylation, ADP-ribosylation, amidation, bioti-
nylation, covalent attachment of flavin, covalent attach-
ment of a heme moiety, covalent attachment of a nucle-
otide or nucleotide derivative, covalent attachment of a
lipid or lipid derivative, covalent attachment of phospho-
tidylinositol, cross-linking, cyclization, disulfide bond for-
mation, demethylation, formation of covalent crosslinks,
formation of cystine, formation of pyroglutamate,
formylation, gamma-carboxylation, glycosylation, GPI
anchor formation, hydroxylation, iodination, methylation,
myristoylation, oxidation, proteolytic processing, phos-
phorylation, prenylation, racemization, selenoylation,
sulfation, transfer-RNA mediated addition of amino acids
to proteins such as arginylation, and ubiquitination (see,
for instance, Proteins - Structure and Molecular Proper-
ties,2nd Ed., T. E. Creighton, W. H. Freeman a nd Com-
pany, New York, 1993; Wold, F., Post- translational Pro-
tein Modifications: Perspectives and Prospects, 1-12, in
Post-translational Covalent Modification of Proteins, B.
C. Johnson, Ed., Academic Press, New York, 1983;
Seifter et aL, "Analysis for protein modifications and non-
protein cofactors”, Meth Enzymol, 182, 626-646, 1990,
and Rattan et al., "Protein Synthesis: Post-translational
Modifications and Aging", Ann NY Acad Sci, 663, 48-62,
1992).

[0225] "fragment" of a polypeptide sequence refers
to a polypeptide sequence that is shorter than the refer-
ence sequence but that retains essentially the same bi-
ological function or activity as the reference polypeptide.
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[0226] "Variant" refersto a polynucleotide or polypep-
tide that differs from a reference polynucleotide or
polypeptide, but retains the essential properties thereof.
A typical variant of a polynucleotide differs in nucleotide
sequence from the reference polynucleotide. Changes
in the nucleotide sequence of the variant may or may not
alter the amino acid sequence of a polypeptide encoded
by the reference polynucleotide. Nucleotide changes
may result in amino acid substitutions, additions, dele-
tions, fusions and truncations in the polypeptide encoded
by the reference sequence, as discussed below. A typical
variant of a polypeptide differs in amino acid sequence
from the reference polypeptide. Generally, alterations
are limited so that the sequences of the reference
polypeptide and the variant are closely similar overall
and, in many regions, identical. A variant and reference
polypeptide may differ in amino acid sequence by one or
more substitutions, insertions, deletions in any combina-
tion. A substituted or inserted amino acid residue may or
may not be one encoded by the genetic code. Typical
conservative substitutions include Gly, Ala; Val, lie, Leu;
Asp, Glu; Asn, GIn-I Ser, Thr; Lys, Arg; and Phe and Tyr.
A variant of a polynucleotide or polypeptide may be nat-
urally occurring such as an allele, or it may be a variant
that is not known to occur naturally. Non-naturally occur-
ring variants of polynucleotides and polypeptides may be
made by mutagenesis techniques or by direct synthesis.
Also included as variants are polypeptides having one or
more post-translational modifications, for instance glyc-
osylation, phosphorylation, methylation, ADP ribosyla-
tion and the like. Embodiments include methylation of
the N-terminal amino acid, phosphorylations of serines
and threonines and modification of C- terminal glycines.
[0227] "Polymorphism" - The sequence variation ob-
served in an individual at a polymorphic site. Polymor-
phisms include nucleotide substitutions, insertions, de-
letions and microsatellites and may, but need not, result
in detectable differences in gene expression or protein
function.

[0228] "Polymorphic site (PS)" - A position within a
locus at which at least two alternative sequences are
found in a population, the most frequent of which has a
frequency of no more than 99%.

[0229] "Polymorphic variants" - A gene, mRNA, cD-
NA, polypeptide or peptide whose nucleotide or amino
acid sequence varies from a reference sequence due to
the presence of a polymorphism in the gene.

[0230] "Polymorphism data" - Information concern-
ing one or more of the following for a specific gene: lo-
cation of polymorphic sites; sequence variation at those
sites; frequency of polymorphisms in one or more popu-
lations; the different genotypes and/or haplotypes deter-
mined for the gene; frequency of one or more of these
genotypes and/or haplotypes in one or more populations;
any known association(s) between a trait and a genotype
or a haplotype for the gene.

[0231] "Polymorphism database" - A collection of
polymorphism data arranged in a systematic or method-
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ical way and capable of being individually accessed by
electronic or other means.

[0232] "Single Nucleotide Polymorphism" (SNP)
refers to the occurrence of nucleotide variability at a sin-
gle nucleotide position in the genome, within a popula-
tion. An SNP may occur within a gene or within intergenic
regions of the genome. SNPs can be assayed using Al-
lele Specific Amplification (ASA). For the process at least
3 primers are required. A common primer is used in re-
verse complement to the polymorphism being assayed.
This common primer can be between 50 and 1500 bps
from the polymorphic base. The other two (or more) prim-
ers are identical to each other except that the final 3’ base
wobbles to match one of the two (or more) alleles that
make up the polymorphism. Two (or more) PCR reac-
tions are then conducted on sample DNA, each using
the common primer and one of the Allele Specific Prim-
ers.

[0233] "“splice Variant" as used hereinrefers to cONA
molecules produced from RNA molecules initially tran-
scribed from the same genomic DNA sequence but which
have undergone alternative RNA splicing. Alternative
RNA splicing occurs when a primary RNA transcript un-
dergoes splicing, generally for the removal of introns,
which results in the production of more than one mRNA
molecule each of which may encode different amino acid
sequences. The term splice variant also refers to the pro-
teins encoded by the above cDNA molecules.

[0234] “lIdentity" reflects a relationship between two
or more polypeptide sequences or two or more polynu-
cleotide sequences, determined by comparing the se-
quences. In general, identity refers to an exact nucleotide
to nucleotide or amino acid to amino acid correspond-
ence of the two polynucleotide or two polypeptide se-
quences, respectively, over the length of the sequences
being compared.

[0235] "Homolog" is a generic term used in the art to
indicate a polynucleotide or polypeptide sequence pos-
sessing a high degree of sequence relatedness to a ref-
erence sequence. Such relatedness may be quantified
by determining the degree of identity and/or similarity be-
tween the two sequences as hereinbefore defined. Fall-
ing within this generic term are the terms "ortholog", and
"paralog". "Ortholog" refers to a polynucleotide or
polypeptide that is the functional equivalent of the poly-
nucleotide or polypeptide in another species. "Paralog"
refers to a polynucleotide or polypeptide that within the
same species which is functionally similar.

[0236] "Fusion protein™ refers to a protein encoded
by two, unrelated, fused genes or fragments thereof. Ex-
amples have been disclosed in U.S. Patents Nos.
5,541,087 and 5,726,044 (both of which are hereby in-
corporated by reference for all purposes). In the case of
Fc-PGPCR-3, employing an immunoglobulin Fc region
as a part of a fusion protein is advantageous for perform-
ing the functional expression of Fc-PGPCR-3 or frag-
ments of PGPCR-3, to improve pharmacokinetic proper-
ties of such a fusion protein when used for therapy and
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to generate a dimeric Fc-PGPCR-3. The Fc- PGPCR-3
DNA construct comprises in 5’ to 3’ direction, a secretion
cassette, i.e. a signal sequence that triggers export from
a mammalian cell, DNA encoding an immunoglobulin Fc
region fragment, as afusion partner, and a DNA encoding
Fc-PGPCR-3 or fragments thereof. In some uses it would
be desirable to be able to alter the intrinsic functional
properties (complement binding, Fc-Receptor binding)
by mutating the functional Fc sides while leaving the rest
of the fusion protein untouched or delete the Fc part com-
pletely after expression.

[0237] ™“Allele" - A particular form of a genetic locus,
distinguished from other forms by its particular nucleotide
sequence.

[0238] "Candidate gene" - A gene which is hypothe-
sized to be responsible for a disease, condition, or the
response to a treatment, or to be correlated with one of
these.

[0239] "Gene" - A segment of DNA that contains all
the information for the regulated biosynthesis of an RNA
product, including promoters, exons, introns, and other
untranslated regions that control expression.

[0240] "Genotype" - An unphased 5’ to 3’ sequence
of nucleotide pair(s) found at one or more polymorphic
sites in a locus on a pair of homologous chromosomes
in an individual. As used herein, genotype includes a full-
genotype and/or a sub-genotype as described below.
[0241] "Full-genotype™ - The unphased 5’ to 3’ se-
quence of nucleotide pairs found at all known polymor-
phic sites in a locus on a pair of homologous chromo-
somes in a single individual.

[0242] "Sub-genotype" - The unphased 5’ to 3’ se-
quence of nucleotides seen at a subset of the known
polymorphic sites in a locus on a pair of homologous
chromosomes in a single individual.

[0243] "Genotyping" - A process for determining a
genotype of an individual.

[0244] "haplotype" - A 5’ to 3’ sequence of nucle-
otides found at one or more polymorphic sites in a locus
on asingle chromosome from a single individual. As used
herein, haplotype includes a full-haplotype and/or a sub-
haplotype as described below.

[0245] "Full-haplotype" - The 5’ to 3’ sequence of
nucleotides found at all known polymorphic sites in a lo-
cus on a single chromosome from a single individual.
[0246] "Sub-haplotype" - The 5 to 3’ sequence of
nucleotides seen at a subset of the known polymorphic
sites in a locus on a single chromosome from a single
individual.

[0247] ™"Haplotype pair" - The two haplotypes found
for a locus in a single individual.

[0248] "Haplotyping" - A process for determining one
or more haplotypes in an individual and includes use of
family pedigrees, molecular techniques and/or statistical
inference.

[0249] "haplotype data" - Information concerning
one or more of the following for a specific gene: a listing
of the haplotype pairs in each individual in a population;
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a listing of the different haplotypes in a population; fre-
quency of each haplotype in that or other populations,
and any known associations between one or more hap-
lotypes and a trait.

[0250] "Isoform™ - A particular form of a gene, mRNA,
cDNA or the protein encoded thereby, distinguished from
other forms by its particular sequence and/or structure.
[0251] "Isogene"-One of the isoforms of a gene found
in a population. An isogene contains all of the polymor-
phisms present in the particular isoform of the gene.
[0252] “Isolated" - As applied to a biological molecule
such as RNA, DNA, oligonucleotide, or protein, isolated
means the molecule is substantially free of other biolog-
ical molecules such as nucleic acids, proteins, lipids, car-
bohydrates, or other material such as cellular debris and
growth media. Generally, the term "Isolated" is not in-
tended to refer to a complete absence of such material
or to absence of water, buffers, or salts, unless they are
present in amounts that substantially interfere with the
methods of the present invention.

[0253] "Linkage" - describes the tendency of genes
to be inherited together as a result of their location on
the same chromosome; measured by percent recombi-
nation between loci.

[0254] "Linkage disequilibrium" - describes a situ-
ation in which some combinations of genetic markers oc-
cur more or less frequently in the population than would
be expected from their distance apart. It implies that a
group of markers has been inherited coordinately. It can
result from reduced recombination in the region or from
afounder effect, in which there has been insufficient time
to reach equilibrium since one of the markers was intro-
duced into the population.

[0255] "Locus" - Alocationonachromosome or DNA
molecule corresponding to a gene or a physical or phe-
notypic feature.

[0256] "Naturally-occurring” - A term used to desig-
nate that the object it is applied to, e.g., naturally-occur-
ring polynucleotide or polypeptide, can be isolated from
a source in nature and which has not been intentionally
modified by man.

[0257] "Nucleotide pair" - The nucleotides found at
a polymorphic site on the two copies of a chromosome
from an individual.

[0258] "Phased" - As applied to a sequence of nucle-
otide pairs for two or more polymorphic sites in a locus,
phased means the combination of nucleotides present
at those polymorphic sites on a single copy of the locus
is known.

[0259] "Unphased" - As applied to a sequence of nu-
cleotide pairs for two or more polymorphic sites in alocus,
unphased means the combination of nucleotides present
at those polymorphic sites on a single copy of the locus
is not known.

[0260] "Population group™ - A group of individuals
sharing a common characteristic such as ethnogeo-
graphic origin, medical condition, response to treatment
etc.
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[0261] "Reference population™ - A group of subjects
or individuals who are predicted to be representative of
1 or more characteristics of the population group. Typi-
cally, the reference population represents the genetic
variation in the population at a certainty level of at least
85%, preferably at least 90%, more preferably at least
95% and even more preferably at least 99%.

[0262] "Subject" - A human individual whose geno-
types or haplotypes or response to treatment or disease
state are to be determined.

[0263] "Treatment"-Astimulus administeredinternally
or externally to a subject.

References cited

[0264] In addition, all GenBank accession numbers,
Unigene Cluster numbers and protein accession num-
bers cited herein are Incorporated herein by reference
In their entirety and for all purposes to the same extent
as if each such number was specifically and individually
indicated to be incorporated by reference in its entirety
for all purposes.

Claims

1. A method for determining the responsiveness of an
individual with a psychotic disorder to treatment with
lloperidone, comprising;

(a) determining, for the two copies of the CNTF
gene present in the individual, the identity of a
nucleotide at.the polymorphic site at CNTF 103
G > A in GenBank sequence reference No.
X55890 (Version 1); and

(b) assigning the individual to a good responder
group if the nucleotides at the CNTF polymor-
phic site at 103 G > A are G in both copies of
the CNTF gene,

wherein said method is performed ex vivo.

2. A method according to claim 1, wherein the deter-
mination step (a) further comprises the use of a kit
for the identification of a patient’s polymorphism pat-
tern at the CNTF polymorphic site at 103 G > A, said
kit comprising a means for determining a genetic pol-
ymorphism pattern at the CNTF polymorphic site at
103 G > A.

3. The method of claim 2 wherein the kit further com-
prises a DNA sample collecting means.

4. The method of claim 2 or 3 wherein the means for
determining a genetic polymorphism pattern at the
CNTF polymorphic site at 103 G > A comprises at
least one CNTF genotyping oligonucleotide.
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The method according to claim 4 wherein the means
for determining the genetic polymorphism pattern at
the CNTF polymorphic site at 103 G > A comprises
two CNTF genotyping oligonucleotides.

The method according to any of claims 2 to 5 wherein
the means for determining the genetic polymorphism
pattern at the CNTF polymorphic site at 103 G > A
comprises at least one CNTF genotyping primer
composition comprising at least one CNTF genotyp-
ing oligonucleotide.

The method according to claim 6 wherein the CNTF
genotyping primer composition comprises at least
two sets of allele specific primer pairs.

The method according to any of claims 5 to 7 wherein
the two CNTF genotyping oligonucleotides are pack-
aged in separate containers.

Patentanspriiche

1.

Verfahren zum Bestimmen des Ansprechvermo-
gens eines Individuums mit einer psychotischen St6-
rung auf eine Behandlung mit lloperidon, das um-
fasst:

(a) Bestimmen der Identitét eines Nukleotids an
der polymorphen Stelle bei CNTF 103 G > A in
der GenBank-Sequenz Referenznr. X55890
(Version 1) fiir die beiden Kopien des im Indivi-
duum vorhandenen CNTF-Gens; und

(b) Zuweisen des Individuums zu einer guten
Ansprechendengruppe, wenn die Nukleotide an
der polymorphen CNTF-Stelle bei 103 G > A in
beiden Kopien des CNTF-Gens G sind,

wobei das Verfahren ex vivo durchgefuhrt wird.

Verfahren nach Anspruch 1, wobei der Bestim-
mungsschritt (a) ferner die Verwendung eines Kits
fir die Identifikation eines Polymorphismusmusters
eines Patienten an der polymorphen CNTF-Stelle
bei 103 G > A umfasst, wobei der Kit eine Einrichtung
zum Bestimmen des genetischen Polymorphismus-
musters an der polymorphen CNTF-Stelle bei 103
G > A umfasst.

Verfahren nach Anspruch 2, wobei die Ausristung
ferner eine DNA-Proben-Sammeleinrichtung um-
fasst.

Verfahren nach Anspruch 2 oder 3, wobei die Ein-
richtung zum Bestimmen des genetischen Polymor-
phismusmusters an der polymorphen CNTF-Stelle
bei 103 G > A mindestens ein CNTF-Genotypisie-
rungsoligonukleotid umfasst.
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5.

Verfahren nach Anspruch 4, wobei die Einrichtung
zum Bestimmen des genetischen Polymorphismus-
musters an der polymorphen CNTF-Stelle bei 103
G > A zwei CNTF-Genotypisierungsoligonukleotide
umfasst.

Verfahren nach einem der Anspriiche 2 bis 5, wobei
die Einrichtung zum Bestimmen des genetischen
Polymorphismusmusters an der polymorphen
CNTF-Stelle bei 103 G > A mindestens eine CNTF-
Genotypisierungsprimer-Zusammensetzung  mit
mindestens einem CNTF-Genotypisierungsoligonu-
kleotid umfasst.

Verfahren nach Anspruch 6, wobei die CNTF-Geno-
typisierungsprimer-Zusammensetzung mindestens
zwei Séatze von Allel-spezifischen Primerpaaren um-
fasst.

Verfahren nach einem der Anspriiche 5 bis 7, wobei
die zwei CNTF-Genotypisierungsoligonukleotide in
separaten Behaltern verpackt sind.

Revendications

Procédé pour déterminer la sensibilité d’'un individu,
souffrant d’'un trouble psychotique, au traitement a
I'ilopéridone, comprenant les opérations consistant
a

(a) déterminer, pour les deux copies du géne du
CNTF, présent dans l'individu, I'identité d’'un nu-
cléotide au niveau du site polymorphe, en 103
G>A,duCNTF, dansla séquence de GenBank,
référencée sous le n° X55890 (version 1) et
(b) affecterl'individu a un bon groupe répondeur,
si les nucléotides au niveau du site polymorphe,
en 103 G > A, du CNTF, sont G dans les deux
copies dugene CNTF, dans lequel ledit procédé
est exécuté ex vivo.

Procédé selonlarevendication 1, dans lequel I'étape
(a) de détermination comprend en outre I'utilisation
d’un kit pour I'identification d’'un modéle de polymor-
phisme d’un patient au niveau du site polymorphe,
en 103 G > A, du CNTF, ledit kit comprenant un
moyen permettant de déterminer un modéle de po-
lymorphisme génétique au niveau du site polymor-
phe, en 103 G > A, du CNTF.

Procédé selon la revendication 2, dans lequel le kit
comprend en outre un moyen de prélévement d’'un
échantillon d’ADN.

Procédé selon la revendication 2 ou 3, dans lequel
le moyen, permettant de déterminer un modéle de
polymorphisme génétique au niveau du site poly-
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morphe,en 103G > A, du CNTF, comprend au moins
un oligonucléotide de génotypage du CNTF.

Procédé selon la revendication 4, dans lequel le
moyen permettant de déterminer le modéle de po-
lymorphisme génétique au niveau du site polymor-
phe, en 103 G > A, du CNTF, comprend deux oligo-
nucléotides de génotypage du CNTF.

Procédé selon I'une quelconque des revendications
2 a5, dans lequel le moyen, permettant de détermi-
ner le modéle de polymorphisme génétique au ni-
veau du site polymorphe, en 103 G > A, du CNTF,
comprend au moins une composition d’amorces de
génotypage du CNTF, comprenant au moins un oli-
gonucléotide de génotypage du CNTF.

Procédé selon la revendication 6, dans lequel la
composition d’amorces de génotypage du CNTF
comprend au moins deux jeux de paires d’'amorces
spécifiques alléliques.

Procédé selon I'une quelconque des revendications
5 a7, dans lequel les deux oligonucléotides de gé-
notypage du CNTF sont conditionnés dans des con-
teneurs séparés.
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