US 20090162854A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2009/0162854 A1

Ben-Shachar et al.

(43) Pub. Date:

Jun. 25, 2009

(54)

(76)

1)
(22)

(63)

METHODS AND KITS FOR DIAGNOSIS OF
SCHIZOPHRENIA

Inventors: Dorit Ben-Shachar, Kiryat Shmuel
(IL); Ehud Klein, Timrat (IL)
Correspondence Address:

Pearl Cohen Zedek Latzer, LLP
1500 Broadway, 12th Floor

New York, NY 10036 (US)
Appl.No.:  12/258,512
Filed: Oct. 27,2008

Related U.S. Application Data

Continuation-in-part of application No. 10/432,354,
filed on May 29,2003, now Pat. No. 7,442,496, filed as
application No. PCT/IL01/01106 on Nov. 29, 2001.

(60)

(1)

(52)

(7)

Provisional application No. 60/253,927, filed on Nov.
30, 2000.

Publication Classification

Int. CL.

C120 1/68 (2006.01)

GOIN 33/53 (2006.01)

US.CLe oo 435/6; 435/7.1
ABSTRACT

The present invention provides methods and kits for the diag-
nosis of schizophrenia, which employ mitochondrial com-
plex I as a peripheral biological marker for schizophrenia. In
an embodiment of the invention, the present invention pro-
vides a method for diagnosing schizophrenia in a subject by
determining the level of m-RNA or protein mitochondrial
complex I subunits and its activity by determining the cellular
basal respiration through complex [ enzyme.



Patent Application Publication  Jun. 25,2009 Sheet 1 of 5 US 2009/0162854 A1
T 700 .
b .
60 . )
W -
Ea . :
2E 500 S
2 5 400 i H
i . :
g% 3060 - n=25 n=25 .
ZE I .
| L]
2 200 !
I . .
% l 00 r=2d SRR
=
- . - - -
Control Schizophrenia Bipolar
Medicated Unmedicaled Depressed type

FIGURE 1



Patent Application Publication

NADH ferricyanide reductase/cytochrome c oxidase

60

50

40

30 -

20

10

Jun. 25,2009 Sheet 2 of 5

US 2009/0162854 A1

4 o

8 *

"

] 3
| i i . 4 g
—— . 3 :
8 © . ”

Control Schizophrenia MD Bipolar
Medicated Unmedicated

Figure 2

Depressed type



Patent Application Publication  Jun. 25,2009 Sheet 3 of 5 US 2009/0162854 A1

A % 21 kD
B
C 75 kDa
D
Control Patients
Figure 3A-D

Patients Control Rat

Figure 4



Patent Application Publication

AQO2z Consumption

1.0

0.9

0.8

0.7

0.6

0.5

Jun. 25,2009 Sheet 4 of 5

US 2009/0162854 A1

Glutamate+malate

|

Rotenone

Succinate+ATP

500,
pmol/

Malonate

10 mins

v

rF 3

G-3-P+ ATP

FIGURE 5

Complex | Complex | + Complex Il Complex Ii
Intact Cell DA Intact Cell + DA
Respiration Respiration

FIGURE 6

Complex Il Complex Iii
Intact Cell + DA
Respiration



Patent Application Publication  Jun. 25,2009 Sheet 5 of 5 US 2009/0162854 A1

A

0.8
0.7 -
0.6
0.5
0.4
0.3

——

2 Consumption
1

£

0.1

Control Schizophrenics

40

35 - T
30 -
25 -
20

15 -
10

Respiration Inhibition (%)

Control Schizophrenics

FIGURE 7



US 2009/0162854 A1l

METHODS AND KITS FOR DIAGNOSIS OF
SCHIZOPHRENIA

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation-in-Part of (U.S.
patent application Ser. No. 10/432,354; filed May 29, 20013
Which is a National Phase Application of International Patent
Application No. PCT/IL.01/01106, filed on Nov. 29, 2001,
which claim priority of U.S. Provisional Application Ser. No.
60/253,927, filed Nov. 30, 2000, all of which are hereby
incorporated in their entirely by reference

FIELD OF THE INVENTION

[0002] Thepresentinvention generally relates to the field of
disease diagnostics. More specifically, the present invention
relates to a method for the diagnosis of schizophrenia.

BACKGROUND OF TUE INVENTION

[0003] Schizophrenia is the most disabling psychiatric dis-
order, with a lifetime prevalence of about one-percent in the
population (Bromet et al, 1974). Because schizophrenia usu-
ally appears early in life and is often chronic, the costs of the
disorder are substantial. The disorder appears to be uniformly
distributed worldwide, although pockets ofhigh or low preva-
lence may exist (Docherty et al., 1996). Unemployment rates
can reach 70%-80% in severe cases, and it is estimated that
schizophrenic patients constitute 10% of the totally and per-
manently disabled. Homelessness and schizophrenia have
been linked; it has been estimated that about one-third of
homeless single adults suffer from severe mental illness,
largely schizophrenia.

[0004] The essential features of schizophrenia consist of a
mixture of characteristic signs and symptoms that have been
present for a significant length of time during a 1-month
period with some signs of the disorder persisting for at least 6
months (According to Diagnostic and Statistical Manual of
Mental Disorder-1V, hereinafter DSM-IV). The symptoms
involve multiple psychological processes, such as perception
(hallucinations), ideation, reality testing (delusions), thought
processes (loose associations) feeling (flatness, inappropriate
affect), behavior (catatonia, disorganization), attention, con-
centration, motivation (avolition, impaired intention and
planning) and judgment. No single symptom is pathogno-
monic of schizophrenia. These psychological and behavioral
characteristics are associated with a variety of impairments in
occupational and social functioning. The disorder is noted for
great heterogeneity across individuals and variability within
individuals over time. It is also associated with an increased
incidence of suicide, which occurs in up to 10% of patients
(Dinagman et al. 1986; Tsuang, 1978; McGlasban, 1988).
[0005] The characteristic symptoms of schizophrenia have
often been conceptualized as falling into two broad catego-
ries—positive and negative (or deficit) symptoms—with a
third category, disorganized, recently added. The positive
symptoms include delusions and hallucinations. Disorga-
nized symptoms include disorganized speech (Docherty et
al., 1996), disorganized behavior and poor attention. Negative
symptoms include restricted range and intensity of emotional
expression (affective flattening), reduced thought and speech
productivity (alogia), anhedonia, and decreased initiation of
coal-directed behavior (avolition) (McGlashan et al, 1992).
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[0006] According to DSM-IV, subtypes of schizophrenia
are defined by the predominant symptoms at the time of the
most recent evaluation and therefore may change over time.
These subtypes include 1) paranoid type, in which preoccu-
pation with delusions or auditory hallucinations is prominent;
2) disorganized type, in which disorganized speech and
behavior and flat or inappropriate affect are prominent; 3)
catatonic type, in which the characteristic motor symptoms
are prominent; 4) undifferentiated type, which is a nonspe-
cific category used when none of the other subtype features is
prominent; and 5) residual type, in which there is an absence
of prominent positive symptoms but continuing evidence of
disturbance (e.g., negative symptoms or positive symptoms in
an attenuated form) (Barbeau et al, 1995).

[0007] The etiology of schizophrenia is still unknown.
Recent advances in neuroscience and psychopharmacology
have suggested a wide array of competing mechanisms that
may be involved in schizophrenia, including a deficit in one or
more neurotransmitters (e.g., dopamine, serotonin, GABA
and glutamate), their second messengers (Kaiya, 1992; Yao et
al., 1996; Strunecka et al. 1999), neurodevelopmental defects
in brain (Raedler et al., 1998), autoimmune mechanisms
(Ganguli et al. 1993) and potential genetic risk factors (Allen
et al. 2008). Dopamine involvement in schizophrenia is still
attracting considerable attention despite the lack of direct
evidence for abnormal dopaminergic function in the disorder.
This is primarily based on the high correlation between the
therapeutic efficacy of antipsychotic drugs and their potency
as dopamine receptors blockers (Seeman, 1987), and the abil-
ity of dopamine agonists (such as bromocriptine and
L-DOPA) to induce acute psychotic symptoms with marked
resemblance to schizophrenia. It has been suggested that
acute psychotic episodes are associated with a hyperdopam-
inergic state in the mesolimbic regions, while negative symp-
toms are associated with a hypodopaminergic state in the
mesocortical projections to the frontal cortex (Davis et al.,
1991). More recent, direct evidence for dopamine hyperac-
tivity has emerged from imaging studies implicating dysfunc-
tion in dopamine metabolism, storage, release or uptake
mechanisms in dopamine meso-limbic systems in schizo-
phrenia (Breier A., et al., 1997. Laruelle et al., 1999).

[0008] Symptoms of other mental disorders, especially
depression but also obsessive and compulsive symptoms,
somatic concerns, dissociative symptoms and other mood or
anxiety symptoms, are frequently seen with schizophrenia.
The heterogeneity of the disorder and its comorbidity with
symptoms of other mental disorders frequently renders
schizophrenia difficult to diagnose. At present, definitive
diagnosis of schizophrenia depends on descriptive behavioral
and symptomatic information. Further, a very long time
period, approximately 6 months, is required for the diagnosis
of schizophrenia.

[0009] Since there is neither an effective biological marker
for identifying schizophrenia (Willner, 1997; Hietala, et al.,
1996), nor an accurate and rapid diagnosis for more optimal
management of the disease at its different stages (Sheitman et
al., 197) there remains an essential need for a reliable biologi-
cal assay for the diagnosis and follow-up of schizophrenia.
Identifying a peripheral biological marker will provide a) a
more precise diagnosis and prognosis and might even shorten
the 6-month period needed for diagnosis of schizophrenia; b)
the possibility of using the peripheral marker as an objective
tool for the patient’s compliance to medication, if the marker
responds differently in the presence of different types of
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antipsychotic drugs; and c) a correlation between the candi-
date marker and any feature of schizophrenia will contribute
to the knowledge of the basic pathophysiology of the disor-
der, which might lead to new therapeutic strategies more
specific and with fewer side effects.

SUMMARY OF THE INVENTION

[0010] The present invention provides a method for diag-
nosing schizophrenia in a subject, the method comprising the
steps of: obtaining a sample from the subject, determining the
level of one or more mitochondrial complex I subunits protein
or mRNA encoding thereof in the sample; and comparing the
level of each mitochondrial complex [ subunit protein or
mRNA encoding thereof of the sample with a normative value
of mitochondrial complex I subunit protein or mRNA encod-
ing thereof; wherein an altered level of at least one mitochon-
drial complex I subunit mRNA or protein encoding thereofin
the sample is indicative of the subject having schizophrenia.
[0011] Inanembodiment of the invention, the sample used
for diagnosing schizophrenia in this invention is a blood
sample, wherein the blood sample is a platelet, lymphocyte,
leukocyte, monocyte, T-cell, B-cell, neutrophil, EBV trans-
formed lymphocytes or immortal blood cells sample.

[0012] In an embodiment of the invention, the level of
m-RNA of mitochondrial complex 1 is determined by mea-
suring the level of m-RNA of a subunit of mitochondrial
complex . In another embodiment, the level of protein of
mitochondrial complex I is determined by measuring the
level of protein of a subunit of mitochondrial complex 1.
[0013] Inanembodiment of the invention, a higher level of
m-RNA or protein of the subunit of mitochondrial complex 1
in the sample from the subject compared with the normative
value is indicative of the subject having schizophrenia.
[0014] In an embodiment of the invention, the mitochon-
drial complex I protein subunit is a 24 kDa subunit. In another
embodiment, the mitochondrial complex I protein subunit is
a 51 kDa subunit. In another embodiment the mitochondrial
complex I protein subunit is a 75 kDa subunit.

[0015] In an embodiment of the invention the level of
m-NA of the subunit of mitochondrial complex I is deter-
mined by isolating RNA from the sample, contacting the
RNA with primers which are specific for the subunit of mito-
chondrial complex is performing real time quantitative-PCR
on the sample, and determining the level of m-RNA of the
subunit of mitochondrial complex 1.

[0016] Inan embodiment of the invention, the binding pro-
tein is an antibody. The antibody is a polyclonal antibody, a
monoclonal antibody or a recombinant antibody. In an
embodiment of the invention the binding protein is labeled
with a detectable label, which can be an enzyme, a fluoro-
phore, a chromophore, a radioisotope a dye, a bioluminescent
agent or a chemiluminescent agent.

[0017] In an embodiment of the invention, this invention
provides a method for diagnosing schizophrenia in a subject,
the method comprising the steps of obtaining a sample from
the subject; determining the cellular basal respiration through
complex I enzyme; adding an inhibitor to the sample and
determining the inhibition of the cellular respiration through
complex I, wherein a decrease in respiration and/or an
increase in inhibition of cell respiration through complex I
enzyme as compared to cell respiration and its inhibitory
values through complex I in a normative person is indicative
to schizophrenic patients.
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[0018] In an embodiment of the invention, this invention
provides a method for diagnosing schizophrenia in a subject
the method comprising the steps of: obtaining a sample from
the subject; determining the cellular basal respiration through
complex I enzyme; adding an inhibitor to the sample and
determining the inhibition of the cellular respiration through
complex I, wherein a decrease in respiration by at least 30%
and/or an increase in inhibition of cell respiration through
complex I enzyme by more than 1.5 folds as compared to cell
respiration and its inhibitory values through complex I in a
normative person is indicative to schizophrenic patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will be understood and appre-
ciated more fully from the following detailed description
taken in conjunction with the appended drawings in which:
[0020] FIG. 1: depicts individual values of NADH ferricya-
nide reductase activity in medicated (MS) and unmedicated
(US) schizophrenic patients, patients with major depression
(MD), patients with bipolar disorder (BP), and control sub-
jects (C).

[0021] FIG. 2: depicts individual values of NADH ferricya-
nide reductase activity normalized for cytochrome ¢ oxidase
activity in medicated (MS) and unmedicated (US) schizo-
phrenic patients, patients with major depression (MD)
patients with bipolar disorder (BP), and control subjects (C).
[0022] FIG. 3A-D: presents a photograph depicting RT-
PCR analysis of mitochondiral complex I subunits from
platelets of schizophrenic patients and healthy control sub-
jects F1G. 3A shows m-RNA levels of the 24 kDa subunit of
complex I FIG. 3B shows m-R-NA levels of the 51 kDa
subunit of complex a FIG. 3C shows m-RNA levels of the 75
kDa subunit of complex I, and FIG. 3D shows m-RNA levels
of beta actin.

[0023] FIG. 4: presents a photograph of ECL western blot
analysis of the 24 and 51 kDa subunits of mitochondrial
complex I in platelets of schizophrenic patients and healthy
control subjects, Rat brain mitochondria are used as a positive
control.

[0024] FIG. 6: depicts a representative graph of the respi-
ration rates through different complexes of the respiratory
chain.

[0025] FIG. 6: depicts the levels of respiration through the
different enzymatic complexes of the respiratory chain in the
presence or absence of dopanmine.

[0026] FIG. 7A-B: Basal and dopamine (DA) affected res-
piration in Epstein-Barr Virus (EBV) transformed lympho-
cytes derived from schizophrenic patients and healthy sub-
jects. (A) Basal respiration and (B) DA affected respiration in
EBV transformed lymphocytes from schizophrenics (n=7)
and control subjects (n=7).*p=0.0001 vs. control

DETAILED DESCRIPTION OF THE INVENTION

[0027] Thepresent invention provides methods and kits for
the diagnosis of schizophrenia which employ mitochondrial
complex I as a peripheral biological marker for schizophre-
nia. The identification of mitochondrial complex I as a bio-
logical marker provides several advantages such as 1) a reli-
able and rapid biological assay for the diagnosis and follow-
up of schizophrenia that may also shorten the 6-month period
currently needed for the diagnosis of schizophrenia, 2) con-
tributes to the knowledge of the basic pathophysiology of the



US 2009/0162854 A1l

disease, which might lead to new therapeutic strategies, and
3) permits the mitochondrial complex I to be a target Gene for
this multi-gene disorder.

[0028] As demonstrated herein, mitochondrial complex 1
activity is significantly altered in platelets of schizophrenic
patients compared with control subjects. Patients with affec-
tive disorders such as major depression and bipolar disorder,
by contrast, show a similar mitochondrial complex 1 activity
as control subjects. Further, the levels of m-RNA and protein
of mitochondrial complex 1 are significantly altered in plate-
lets or lymphocytes of schizophrenic patients compared with
control subjects. Thus, the present invention provides meth-
ods and kits for diagnosing schizophrenia by determining the
level of activity of a mitochondrial complex I enzyme in a
subject and comparing the activity with a normative value of
activity of the mitochondrial complex I enzyme. The present
invention further provides methods and kits for diagnosing
schizophrenia by determining the level of m-RNA or protein
of complex I submits in a subject and comparing the level of
m-RNA or protein with a normative level of m-RNA or pro-
tein of mitochondrial complex 1 subunits.

[0029] In an embodiment of the invention, this invention
provides a method for diagnosing schizophrenia in a subject,
the method comprising the steps of: obtaining a sample from
the subject; determining the level of one or more mitochon-
drial complex I subunits protein or mRNA encoding thereof
in the sample; and comparing the level of each mitochondrial
complex I subunit protein or mRNA encoding thereof of the
sample with a normative value of mitochondrial complex I
subunit protein or mRNA encoding thereof, wherein an
altered level of at least one mitochondrial complex 1 subunit
mRNA or protein encoding thereof in the sample is indicative
of the subject having schizophrenia.

[0030] In an embodiment of the invention, the level of
mitochondrial complex I subunit protein orm-RNA encoding
thereof'is higher in a schizophrenic subject by mean of at least
1.5 folds compared with normative value. In an embodiment
of the invention, the level of mitochondrial complex T subunit
protein or mRNA encoding thereof is higher in a schizo-
phrenic subject by mean of at least 2.5 folds compared with
normative value, In an embodiment of the invention, the level
of mitochondrial complex I subunit protein or mRNA encod-
ing thereof is higher in a schizophrenic subject by mean of at
least 3.5 folds compared with normative value. In an embodi-
ment of the invention, the level of mitochondrial complex 1
subunit protein or mRNA encoding thereof is higher in a
schizophrenic subject by between 1.5-10 folds compared
with normative value. In an embodiment of the invention, the
level of mitochondrial complex f subunit protein or mRNA
encoding thereof is higher in a schizophrenic subject by
between 0.5-4 folds compared with normative value.

[0031] Inanembodiment of the invention, the sample used
for diagnosing schizophrenia in this invention is a blood
sample, wherein the blood sample is a platelet, lymphocyte,
leukocyte, monocyte, T-cell, B-cell, neutrophil, EBV trans-
formed lymphocytes or immortal blood cells sample.

[0032] In another embodiment of the invention, this inven-
tion provides methods of diagnosing schizophrenia by deter-
mining the level of protein or mRNA of complex I subunits
and its activity. In another embodiment, the mRNA subunits
and the corresponding protein subunits of complex I enzyme
refer to any of the 45 different genes and their corresponding
proteins. Non limiting examples of mRNA subunits include
NDUIFAB1, NDUFS1, NDUFS2, NDUFS3, NDUFS4,

Jun. 25, 2009

NDUFS7, NDUFS8, NDUFV1 and NDUFV2. Non limiting
examples of protein subunits include 51kD, 24 kD, 75kD, 18
kD, 19 kD and 21 kD subunits.

[0033] Inanembodiment ofthe invention, a reagent is used
for determining the n-RNA level of a subunit of mitochon-
drial complex 1. The reagent comprises at least one reagent
and buffer for isolating RNA from the sample. In another
embodiment, the reagent comprises at least two primers
which are specific for the subunit of mitochondrial complex I.
In another embodiment reagents and buffers are used for a
real time quantitative-PCR assay.

[0034] Inanembodiment ofthe invention, the reagent is for
determining the protein level of a subunit of mitochondrial
complex 1. The reagent comprises a binding protein, which
specifically binds to the subunit of mitochondrial complex 1.
In an embodiment of the invention, the level of protein of the
subunit of mitochondrial complex 1is determined by contact-
ing the sample with a binding protein which specifically binds
to the subunit of mitochondrial complex I, and determining
the amount of binding protein bound to the subunit of mito-
chondrial complex I. In an embodiment of the invention, the
binding protein is an antibody. The antibody is a polyclonal
antibody, a monoclonal antibody or a recombinant antibody.
In an embodiment of the invention, the binding protein is
labeled with a detectable label. The label is an enzyme, a
fluorophore, a chromophore, a radioisotope, a dye, a biolu-
minescent agent or a chemiluminescent agent.

[0035] For the purposes of this invention, schizophrenic
patients are broadly categorized as a function of their clinical
state as being in an acute phase or in a residual (chronic)
phase. Patients in acute phase experience acute relapse or are
in acute psychotic exacerbation. Patients in residual phaseare
patients whose condition is stable (chronic). Residual
patients are divided into two groups: 1) patients with pro-
nounced positive symptoms (chronic active); and 2) patients
without pronounced positive symptoms who experience
mainly negative symptoms. Positive symptoms include delu-
sions and hallucinations. Negative symptoms include
restricted range and intensity of emotional expression (affec-
tive flattening), reduced thought and speech productivity
(alogia), anhedonia, and decreased initiation of goal-directed
behavior (avolition). For the purpose of this invention, a
schizophrenic subject can be in any one of the clinical states
defined above.

[0036] Applicant has determined that mitochondrial com-
plex 1 is altered in schizophrenic patients when compared
with a normative value of mitochondrial complex 1. A “nor-
mative value” means a value of a normal mitochondrial com-
plex I level of a control subject who does not have schizo-
phrenia.

[0037] In an embodiment of the invention of the present
invention, mitochondrial complex I is assayed by determining
the level of activity of a mitochondrial complex I enzyme.
Thus, the present invention provides a method for diagnosing
schizophrenia in a subject by determining the level of activity
of a mitochondrial complex I enzyme in a sample obtained
from the subject, and comparing the level of activity in the
sample with a normative value of mitochondrial complex I
enzyme activity. An altered level activity of mitochondrial
complex I enzyme compared with the normative value is
indicative of the subject having schizophrenia.

[0038] The sample can be any sample that contains mito-
chondrial complex I for example a tissue sample. Suitable
samples may be obtained from a veterinary or human patient
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and include, but are not limited to, whole blood cells, any
mononuclear cell, leukocytes, lymphocytes, T-cells, B-cells,
monocytes, platelets, megakaryocytes, neutrophils, eosino-
phils, basophils or peripheral blood mononuclear cells.
[0039] Inanembodimentofthe invention, theblood sample
is enriched for mitochondria. General methods for isolation
of mitochondria are disclosed in Ben-Schachar et al (1995),
Gavinetal (1990), Rosenthal et al (1987) and McComark and
Denton (1989) and described in detail in the examples that
follow. The advantage of studying mitochondrial respiration
lies in the fact that mitochondria are partly independent
organelles, contain their own DNA and are highly preserved
along evolution and in different tissues.

[0040] Inanembodimentoftheinvention, theblood sample
is a blood platelet sample. Platelets have been traditionally
used as a peripheral model that may reflect brain changes in
several neuropsychiatric disorders. Numerous studies have
shown that platelets from schizophrenic patients behave dif-
ferently than those isolated from healthy controls in dopam-
ine uptake, 5-HT content, arachidonic acid metabolism,
inositol phosphate levels and disturbance of calcium homeo-
stasis (Kaiya, 1992 Yao et al., 1996; Strunecka et al. 1999). A
correlation between biochemical changes in brain and plate-
lets was also reported. For example, a reduction in imi-
pramine binding was found both in platelets and in postmor-
tem brains of deceased depressed patients and patients who
committed suicide (Wirz-Justce, 1988). In patients with Par-
kinson’s or Alzheimer’s diseases, a correlation has been dem-
onstrated between platelet and postmortem brains for the
reduction in mitochondrial complex I and cytochrome c oxi-
dase activities, respectively (Parker etal. 1990; Schapira et al.
1990). In addition, biochemical and pharmacological simi-
larities exist between blood platelets and SHT or DA contain-
ing neurons of the CNS (Da Prada et al., 1988).

[0041] In an embodiment of the invention, the mitochon-
drial complex I enzyme is a mitochondrial enzyme respira-
tory chain enzyme. In an embodiment of the invention, the
enzyme is NADH dehdrogenase. NADH dehydrogenase
activity can be measured using well-known assays, such as
the assays described in Singer et al. (1974); Estornell (1993);
Hatefi (1978); Ragan et al. (1987), and Ben Schachar et al.
(1999). Briefly, NADH dehydrogenase activity is measured
using an electron acceptor. In an embodiment of the inven-
tion, the electron acceptor is a biological electron acceptor,
such as ubiquinone. In another embodiment, the electron
acceptor is an artificial electron acceptor, such as ferricya-
nide, for example potassium ferricyanide. The assay com-
prises incubating a sample obtained from a subject with
NADH and the electron acceptor, and measuring the change
in absorbance of NADH at 340 nm over time.

[0042] The alteration in the level of activity of the mito-
chondrial complex I enzyme is dependent on the state of the
disease. For example, Applicant has demonstrated a signifi-
cant increase in mitochondrial complex 1 activity in mito-
chondria from platelets of medicated and unmedicated
patients at acute exacerbation compared to control subjects,
as discussed in detail in the examples below. Furthermore,
Applicant has demonstrated a significant increase in mito-
chondrial complex [ activity inmitochondria from platelets of
residual patients with positive symptoms compared to control
subjects, as discussed in detail in the examples below. On the
other hand, Applicant has demonstrated a decrease in mito-
chondrial complex [ activity inmitochondria from platelets of
residual patients with negative symptoms compared to con-
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trol subjects, as discussed in detail in the examples below. No
difference in enzyme activity was observed between
depressed patients with recurrent major depression or bipolar
disorder and control subjects.

[0043] Other respiratory chain enzymes of mitochondrial
complex I are the succinate dehydrogenase (complex II),
cytochrome b-c1 complex (complex IIT) the cytochrome c
oxidase complex (complex IV) and the ATP synthase (com-
plex IV). The level of activity of complexes II, IV and V are
not altered in schizophrenic patients compared to control
subjects, as discussed in detail in the examples below.
[0044] Inaddition,in accordance with another embodiment
of the present invention, the level of activity of a mitochon-
drial complex I enzyme is assayed in the presence or absence
of a mitochondrial complex I inhibitor. Thus, the present
invention provides a method for diagnosing schizophrenia in
a subject by determining the inhibition of a mitochondrial
complex I enzyme by a mitochondrial complex I enzyme
inhibitor, and comparing the inhibition with a normative
value of inhibition of the mitochondrial complex 1 enzyme
wherein an altered inhibition of the mitochondrial complex I
enzyme compared with the normative value is indicative of
the subject having schizophrenia.

[0045] Inhibitors of mitochondrial complex 1 enzyme
activity are catechols, such as for example dopamine, 6-hy-
droxydopamine, L-DOPA and norepinephrine (Ben-Scha-
char et al, 1995). Applicant and others have shown that cat-
echols, primarily dopamine, can inhibit mitochondrial
respiration by interfering with complex I both in vivo and in
vitro (Ben-Schachar, 1995; Cohen, 1997; Przedborski et al.,
1993, Ben-Shachar et al. 2004, Brenner-Lavie et al. 2008). In
another embodiment, dopamine inhibits respiration through
complex I by 30-40% but not through complex II, III. In
another embodiment, dopamine inhibits respiration as
described in Example 5. In another embodiment, antipsy-
chotic drugs specifically inhibit complex I driven mitochon-
drial respiration. In another embodiment, Haloperidol,
Clozapine, Chlorpromazine, specifically inhibit complex I
driven mitochondrial respiration, while antidepressant such
as Anafranil or Fluoxetine inhibit non-specifically as they
inhibit through both complex I and complex II. In an other
embodiment, Example 7 provides an embodiment of specific
inhibition of complex I by antipsychotic drugs.

[0046] Cellular respiration is a functional measurement,
which reflects impairment in mitochondrial enzymes and can
be performed in blood cells freshly isolated or in immortal
cell line such as in Epstein-Barr virus (EBV) transformed
lymphocytes. The use of EBV transformed lymphocytes
enables the measure of defect that is disease related and not
medication related as it is accepted that after several passages,
the effect of drugs is abolished.

[0047] In one embodiment, this invention provides a
method for diagnosing schizophrenia in a subject, the method
comprising the steps of: obtaining a sample from the subject;
determining the cellular respiration through complex I
enzyme: adding an inhibitor to the sample and determining
the inhibition of the cellular basal respiration through com-
plex 1. wherein a decrease in respiration and/or an increase in
inhibition of cell respiration through complex I enzyme as
compared to cell respiration and its inhibitory values through
complex I in a normative person is indicative to schizophrenic
patients.

[0048] In an embodiment of the invention, this invention
provides a method for diagnosing schizophrenia in a subject,



US 2009/0162854 A1l

the method comprising the steps of: obtaining a sample from
the subject; determining the cellular basal respiration through
complex I enzyme; adding an inhibitor to the sample and
determining the inhibition of the cellular respiration through
complex I, wherein a decrease in respiration by at least 30%
and/or an increase in inhibition of cell respiration through
complex I enzyme by using an inhibitor by more than 1.5
folds as compared to cell respiration and its inhibitory values
through complex 1 in a normative person is indicative to a
schizophrenic patient.

[0049] In another embodiment, the cellular respiration
through complex I enzyme in schizophrenics is decreased by
20-40% as compared to normative person. In another
embodiment, the cellular respiration through complex I
enzyme in schizophrenics is decreased by 30-40% as com-
pared to normative person. In another embodiment, the cel-
lular respiration through complex I enzyme in schizophrenics
is decreased by 30-80% as compared to normative person.
[0050] In another embodiment, the extent of inhibition of
respiration is at least twice in schizophrenic patients than in
normative person. In another embodiment, the extent of inhi-
bition of respiration was at least 1.5 fold times more in a
schizophrenic patient than in normative person. In another
embodiment, the extent ofinhibition of respiration is between
1.5-6 folds higher in a schizophrenic patient than in normative
person. In another embodiment, the extent of inhibition of
respiration is between 2-6 folds higher in a schizophrenic
patient than in normative person.

[0051] Inanother embodiment of the invention, the cellular
respiration inhibitor is an antipsychotic drug. In another
embodiment of the invention, the inhibitor is a catechol such
as L-DOPA, dopamine and norepinephrine (NE). In another
embodiment of the invention, the inhibitor is Haloperidol,
Clozapine, Chlorpromezine, or any combination thereof.
[0052] In one embodiment of the invention, the method of
diagnosing schizophrenia in a subject by determining the
inhibition of cell respiration comprises the step of obtaining a
sample from a subject. In an embodiment, the sample is
freshly isolated blood cells. In another embodiment of the
invention, the sample is EBV transformed lymphocytes. In
another embodiment of the invention, the sample is an
immortal blood cell line.

[0053] Applicant has found that the inhibition of mitochon-
drial complex 1 enzyme by dopamine is altered in some
schizophrenic patients compared with a normative value of
inhibition in control subjects. For example. Applicant has
demonstrated a significant increase in inhibition of complex I
activity by dopamine in mitochondria from platelets of
schizophrenic patients in acute exacerbation compared to
control subjects, as discussed in detail in the examples below.
In contrast, a similar level of inhibition of mitochondrial
complex I activity in mitochondria from platelets of patients
with recurrent major depression and patients with bipolar
disorder compared to control subjects was observed, as dis-
cussed in detail in the examples below.

[0054] In accordance with yet another embodiment of the
present invention, mitochondrial complex 1 is assayed by
measuring the level of the complex subunits protein or mRNA
encoding thereof. Thus, the present invention provides a
method for diagnosing schizophrenia in a subject by deter-
mining the level of m-RNA or protein of a subunit of mito-
chondrial complex I in a sample obtained from the subject,
and comparing the level of m-RNA or protein of the subunit
mitochondrial complex I in the sample with a normative value
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of mitochondrial complex T m-RNA or protein. An altered
level of at least one mitochondrial complex I subunit m-RNA
or protein in the sample from the subject as compared to the
normative value is indicative of the subject having schizo-
phrenia.

[0055] Inoperation, thelevel of m-RNA or protein of mito-
chondrial complex I is determined by determining the level of
m-RNA or protein of a subunit of mitochondrial complex 1.
Mitochondrial complex I is constituted from about 45
polypeptides, some of which are encoded by the nuclear DNA
and others by mitochondrial DNA. For the purpose of this
invention, any of the subunits may be studied. For example, in
an embodiment of the invention, subunits that are encoded by
the nuclear DNA may be studied.

[0056] Examples of subunits of mitochondrial complex 1
are: 1) 24- and 51 kDa subunits, which are iron-sulfur fla-
voprotein, which have catalytic properties including the site
for transhydrogenation from NADH to NAD+: 2) the 75 kDa
subunit, the largest iron-sulfur protein. Applicant has found
that the level of m-RNA and protein of the 24 and 51 kDa
subunits significantly increases in platelets or lymphocytes of
schizophrenic patients compared with control subjects. In
contrast, no change was found in the 75 kDa subunit, as
discussed in detail in the examples below; 3) NDUFV1 sub-
unit gene encodes the 51-kD subunit of complex I of the
mitochondrial respiratory chain; 4) NDUFV2 subunit gene
encodes the 24-kD subunit of complex I of the mitochondrial
respiratory chain; and 5) NDUFS1 subunit gene encodes the
75-kD subunit of complex I of the mitochondrial respiratory
chain.

[0057] In an embodiment of the invention, m-RNA levels
can be determined according to standard techniques, using
reverse transcriptase polymerase chain reaction (RT-PCR)
technology. RT-PCR technology is generally described in
PCR Protocols: A Guide to Methods and Applications, (Aca-
demic Press, San Diego, Calif., 1990). Reactions and manipu-
lations involving other nucleic acid techniques are described
in Sambrook et al, Molecular Cloning: A Laboratory
Manual, (Cold Springs Harbor Laboratory Press).

[0058] In an embodiment of the invention, m-RNA levels
can be determined according to standard techniques, for
example without limitation by using real time quantitative
PCR. technology. Real time quantitative PCR enables both
detection and quantification (as absolute number of copies or
relative amount when normalized to DNA input or additional
normalizing genes) of a specific sequence in a DNA sample.
Real-time polymerase chain reaction is combined with
reverse transcription polymerase chain reaction to quantify
low abundance messenger RNA (mRNA), enabling to quan-
tify relative gene expression at a particular time, or in a
particular cell or tissue type. In another embodiment, cDNA
is synthesized by reverse transcription and is employed as a
template in conducting the real time quantitative PCR.
[0059] Protein levels can be determined according to stan-
dard techniques, as described in Sambrook et al. Briefly, a
sample obtained from a subject is contacted with a binding
protein which specifically binds to a subunit of mitochondrial
complex I, and the amount of complex formed between the
binding protein and the subunit of mitochondrial complex I is
determined.

[0060] Inanembodiment of the invention, the binding pro-
tein is an antibody which specifically binds to a subunit of
mitochondrial complex I. In another embodiment, the bind-
ing protein is an antibody which specifically binds to the 24
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kDa subunit of mitochondrial complex I. In another embodi-
ment, the binding protein is an antibody which specifically
binds to the 51 kDa subunit of mitochondrial complex 1. In
another embodiment, the binding protein is an antibody
which specifically binds to the 75 kDa subunit of mitochon-
drial complex 1.

[0061] Inanembodiment of the invention, the binding pro-
tein has a detectable label bound thereto, and the complex
between the binding protein-label and the subunit of mito-
chondrial complex 1 is determined by visualizing the com-
plex.

[0062] As defined herein, “contacting” means that the bind-
ing protein is introduced into the sample in a test tube, flask,
tissue culture, chip, array, plate, microplate, capillary, or the
like, and incubated at a temperature and time sufficient to
permit the binding component to bind to a cell or a fraction
thereof or plasma/serum or a fraction thereof containing the
target. Methods for contacting the samples with the binding
proteins, or other specific binding components are known to
those skilled in the art and may be selected depending on the
type of assay protocol to be run. Incubation methods are also
standard and are known to those skilled in the art.

[0063] “Visualizing” the complex of label and binding pro-
tein of each of the subunits of mitochondrial complex I may
be carried out by any means known in the art, including, but
not limited to, ELISA, radioimmunoassay, flow cytometry,
dot blots, western immunoblotting combined with gel elec-
trophoresis, immunohistochemistry, HPLC and mass spec-
trometry.

[0064] “Specifically binds to”, when referring to a protein
or peptide, refers to a binding reaction which is determinative
of the presence of a subunit of mitochondrial complex I in the
presence of a heterogeneous population of proteins and other
biologics other than the subunit. Thus, the immunoassay con-
ditions, the specified antibodies bind to the specific mitochon-
drial complex I subunit antigens and do not bind in a signifi-
cant amount to other antigens present in the sample. Specific
binding to an antibody under such conditions may require an
antibody that is selected for its specificity for a particular
protein. For example, antibodies raised to the human mito-
chondrial complex 1 24 kDa subunit immunogen described
herein can be selected to obtain antibodies specifically immu-
noreactive with the mitochondrial complex I 24 kDa subunit
proteins and not with other proteins. In another example,
antibodies raised to the human mitochondrial complex 1 51
kDa subunit immunogen described herein can be selected to
obtain antibodies specifically immunoreactive with the mito-
chondrial complex I 51 kDa subunit proteins and not with
other proteins. In another example, antibodies raised to the
human mitochondrial complex I 75 kDa subunit immunogen
described herein can be selected to obtain antibodies specifi-
cally immunoreactive with the mitochondrial complex 1 75
kDa subunit proteins and not with other proteins. One can use
immunoassays to detect for the complex formed between the
binding protein and the subunit of mitochondrial complex I. A
general overview of the applicable technology is in Harlow
and Lane (1988). Furthermore, a description of general
immunometric assays of various types can be found in U.S.
Pat. Nos. 4,376,110 (David et al.) or 4,098,876 (Piasio).
[0065] Specifically, detection and quantification include
but are not limited to precipitation of the protein containing
the biomarker by an antibody which binds to the biomarker;
competitive immunoassays, Western immunoblotting in
which the biomarker (either as part of mixture or contained in
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an immunoprecipitated complex) is separated by gel electro-
phoresis, transferred to a suitable support (e.g. nitrocellulose)
and visualized by reaction with an antibody(ies); radioimmu-
noassay, in which the degree to which the protein competes
with a radioactively labeled standard for binding to the anti-
body is used as a means of detecting and quantifying the
protein; and enzyme-linked immuno-sorbant assay (ELISA).
ELISA is a known technique for quantifying proteins in
which an antibody against the protein of interest is immobi-
lized on an inert solid, e.g., polystyrene. A sample to be
assayed for the protein of interest is applied to the surface
containing immobilized antibody. Protein binds the antibody,
forming a complex. This complex is then contacted by a
second antibody which binds the same protein and which is
covalently bound to an easily assayed enzyme. After washing
away any of the second antibody which is unbound, the
enzyme in the immobilized complex is assayed, providing a
measurement of the amount of protein in the sample. The
ELISA procedure can be reversed, i.e., the antigen is immo-
bilized on an inert support (e.g. 96-well microplate) and
samples are probed for the presence of antibody to the immo-
bilized antigen. The biomarker can also be detected and its
localization determined in cells and tissues using immuno-
histochemical procedures.

[0066] Further, cells may be detected using standard flow
cytometry analysis using FACscan analyzer (Becton Dickin-
son, San Jose, Calif.). Cytometric techniques are known to
those skilled in the art. For example the following describe
such techniques and are hereby incorporated by reference in
their entirety; U.S. Pat. No. 5,298,426 Method of differenti-
ating erythroblasts from other cells by flow cytometry; U.S.
Pat. No. 5,296,378 Method for classifying leukocytes by flow
cytometry; U.S. Pat. No. 5,270,548 Phase-sensitive flow
cytometer; U.S. Pat. No. 5,247,340 Flow imaging cytometer:
U.S. Pat. No. 5,179,026 Method of classifying leukocytes by
flow cytometry. Reagents used in the cytometric method
include and are hereby incorporated by reference in their
entirety: U.S. Pat. No. 5,175,109 Reagent for classifying
leukocytes by flow cytometry; U.S. Pat. No. 5,167,926 Appa-
ratus for pretreating cells for flow cytometry; U.S. Pat. No.
5,160,974 Closed sample cell for use in flow cytometry; U.S.
Pat. No. 5,159,403 Flow cell mechanism in flow imaging
cytometer; U.S. Pat. No. 5,159,398 Flow imaging cytometer;
U.S. Pat. No. 5,150,313 Parallel pulse processing and data
acquisition for high speed, low error flow cytometry U.S. Pat.
No. 5,144,224 Millimeter wave flow cyrometer; U.S. Pat. No.
5,093,234 Method of aligning, compensating, and calibrating
a flow cytometer for analysis of samples, and microbead
standards kit therefor; U.S. Pat. No. 5,073,497 Microbead
reference standard and method of adjusting a flow cytometer
to obtain reproducible results using the microbeads U.S. Pat.
No. 5,039,613 Reagents used in a method of classifying leu-
kocytes cytometry U.S. Pat. No. 5,032,381 Chemilumines-
cence-based static and flow cytometry; and U.S. Pat. No.
4,954,715 Method and apparatus for an optimized multipa-
rameter.

[0067] Inanembodiment of the invention, western blotting
is a method of detection of the protein level of mitochondrial
complex I subunit that is suitable for the present invention.
[0068] Either monoclonal or polyclonal antibodies (as well
as any recombinant antibodies) specific for the subunit of
mitochondrial complex I can be used in the various immu-
noassays. Polyclonal antibodies against peptides of a specific
subunit of mitochondrial complex I may be produced by
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immunizing animals using the selected peptides. Alterna-
tively, monoclonal antibodies may be produced by in vitro
techniques known to a person of ordinary skill in the art. For
example, monoclonal antibodies are prepared using hybri-
doma technology by fusing antibody producing B cells from
immunized animals with myeloma cells and selecting the
resulting hybridoma cell line producing the desired antibody.
The antibodies directed to the subunits of mitochondrial com-
plex I may be coupled to a solid-phase support, e.g., nitrocel-
lulose, nylon, column packing materials (e.g., Sepharose
beads), magnetic beads, on a chip, array, glass wool, plastic,
metal, polymer gels, cells, or other substrates. Such supports
may take the form, for example, of beads, wells, dipsticks, or
membranes. The antibodies may be detectably labeled, uti-
lizing conventional labeling techniques well-known to the art.
As used herein, the term “label” refers to a molecule, which
may be conjugated or otherwise attached (i.e. covalently or
non-covalently) to a binding protein as defined herein. Labels
are known to those skilled in the art. Thus, the antibodies may
be labeled with radioactive isotopes, non-radioactive isotopic
labels, fluorescent labels, enzyme labels, chemiluminescent
labels, bioluminescent labels, free radical labels, or bacte-
riophage labels, using techniques known in the art. Examples
of radioisotopic labels are H, '*°I, ', *°S, "C. etc.
Examples of non-radioactive isotopic labels are >*Mn, >°Fe,
etc.

[0069] Examples of fluorescence labels are fluorescent
labels which are directly labeled with a fluorescence label, or
fluorescent labels which are indirectly labeled with a fluores-
cence label. In the last case, the fluorescence label is conju-
gated to a secondary antibody, which is directed against the
first antibody, such as an anti species Ig antibody. Typical
fluorescent labels include, but are not limited to a fluorescein
label, an isothiocyanate label, a rhodamine label, a phyco-
erythrin label, etc., for example fluorescein isothiocyanate
(FITC, International Biological Supplies, Melbourne, Fla.),
rhodamine, phycoerythrin (PE., Coulter Corp., Hialeah,
Fla.), phycocyanin, alophycocyanin, phycoerythrin-cyanin
dye 5 (PECy3, Coulter), label, a phycocyanin label, an allo-
phycocyanin label, an O-phthaldehyde label, a fluorescamine
and Texas Red.

[0070] Examples of enzyme labels include alkaline phos-
phatase, beta-galactosidase, glucose-6-phosphate dehydro-
genase, maleate dehydrogenase, and peroxidase. Two princi-
pal types of enzyme immunoassay are the enzyme-linked
immunosorbent assay (ELISA), and the homogeneous
enzyme imnunoassay, also known as enzyme-multiplied
immunoassay (EMIT, Syva Corporation, Palo Alto, Calif.). In
the ELISA system, separation may be achieved, for example,
by the use of antibodies coupled to a solid phase. The EMIT
system depends on deactivation of the enzyme in the tracer-
antibody complex; the activity can thus be measured without
the need for a separation step.

[0071] Particularly suitable labels include those, which per-
mit analysis by flow cytometry, e.g., fluorochromes. Other
suitable detectable labels include those useful in colorimetric
enzyme systems, e.g., horseradish peroxidase (HRP) and
alkaline phosphatase (AP). Other proximal enzyme systems
are known to those of skill in the art, including hexokinase in
conjunction with glucose-6-phosphate dehydrogenase.
[0072] Additionally, chemiluminescent compounds may
be used as labels. Chemiluminescent labels, such as green
fluorescent proteins, blue fluorescent proteins, and variants
thereof are known. Also bioluminescence or chemilumines-
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cence can be detected using, respectively, NAD oxidoreduc-
tase with luciferase and substrates NADH and FNIN or pet-
oxidase with luminol and substrate peroxide. Typical
chemiluminescent compounds include luminol, isoluminol,
aromatic acridinium esters, imidazoles, acridinium salts, and
oxalate esters. Similarly, bioluminescent compounds may be
utilized for labelling, the bioluminescent compounds includ-
ing luciferin, luciferase, and aequorin. Once labeled, the anti-
body may be employed to identify and quantify immunologic
counterparts (antibody or antigenic polypeptide) utilizing
techniques well-known to the art.

[0073] Ina further embodiment of this invention, commer-
cial test kits are disclosed which are suitable for use to deter-
mine the level of activity and/or level or m-RNA and/or level
of protein of mitchondrial complex [, in order to diagnose
whether a subject has schizophrenia.

[0074] Inaccordance with the testing techniques discussed
above, one class of such kits will contain a container for
containing a sample from the subject, at least one reagent for
determining the level of activity of a mitochondrial complex
1 enzyme; and at least one buffer or solution. The container
may be any container which can contain the sample, such as
a vial, lube, flask, box, bottle and the like.

[0075] The activity of mitochondrial complex I enzyme is
determined using any of the methods described hereinabove.
For example, when the activity of mitochondrial complex I is
determined by monitoring the activity of NADH dehdroge-
nase, the kit comprises reagents for determining the activity
of NADH dehydrogenase, such as NADH and an electron
acceptor. In an embodiment of the invention, the electron
acceptor is a biological electron acceptor, such as ubiquinone.
In another embodiment, the electron acceptor is an artificial
electron acceptor, such as ferricyanide, for example potas-
sium ferricyanide. Other reagents, buffers and solutions for
an NADH dehydrogenase assay are disclosed in Singer et al.
(1974); Estornell (1993); Hatefi (1978); and Ragam (1987)
and described in detail in the examples below. The kit may
also contain peripheral reagents such as buffers, stabilizers,
etc.

[0076] Inaccordance with the testing techniques discussed
above, another class of such kits will contain a container for
containing a sample from the subject, at least one reagent for
determining the level of m-RNA or protein of mitochondrial
complex I, and at least one buffer or solution.

[0077] Reagents for determining the level of m-RNA of
mitochondrial complex I include specific primers for a sub-
unit of mitochondrial complex 1. For example, in an embodi-
ment of the invention, the kit includes 5' and 3' primers for the
24 kDa subunit of mitochondrial complex 1. In another
embodiment, the kit includes 5' and 3' primers for the 51 kDa
subunit of mitochondrial complex I. In another embodiment,
the kit includes 5' and 3' primers for the 75 kDa subunit of
mitochondrial complex L Other reagents used are standard
reagents, buffers and solutions for RT-PCR reactions, such as
described in PCR Protocols: A Guide to Methods and Appli-
cation (Academic Press, San Diego, Calif., 1990). Suitable
reagents for determining the level of protein of mitochondrial
complex I include antibodies that specifically bind to a sub-
unit of mitochondrial complex 1. For example, in an embodi-
ment of the invention, the kit comprises an antibody that binds
to the 24 kDa subunit of mitochondrial complex I. In another
embodiment, the kit comprises an antibody that binds to the
51 kDa subunit of mitochondrial complex I. In another
embodiment, the kit comprises an antibody that binds to the
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75 kDa subunit of mitochondrial complex I. The antibodies
may be labeled to enable detection, as described above.
Detection of antibodies is done by standard techniques, as
described in Sambrook et al., Molecular cloning: A labora-
tory Manual Cold Springs Harbor Laboratory Press).

[0078] Theabove discussion provides a factual basis for the
use of mitochondrial complex I as a biological marker in the
diagnosis of schizophrenia. The methods used with and the
utility of the present invention can be shown by the following
non-limiting examples and accompanying figures. This sec-
tion is set forth to aid in an understanding of the invention but
is not intended and should not be construed to limit in any way
the invention as set forth in the claims that follow thereafter.

EXAMPLES
Example 1

Determination of Mitochondrial Complex I Activity
in Schizophrenic Patients, Patients with Affective
Disorders and Normal Subjects

[0079] Complex I activity was determined by measuring
NADH ferricyanide reductase activity or NADH ubiquinone
reductase activity in medicated and unmedicated schizo-
phrenic patients, patients with recurrent major depression,
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graphic characteristics of the study groups. All schizophrenic
patients (n=50) were in a state of acute psychotic exacerba-
tion. At the time of blood sampling, 25 had been medication-
free for at least one month and most patients had not received
medication for significantly longer periods. Prior to hospital-
ization these unmedicated patients were all in a residual state,
had dropped out of psychiatric follow-up and had discontin-
ued medication due to lack of compliance. Once psychotic
symptoms re-occurred, these patients returned for treatment.
Upon admission, a short-acting benzodiazepine was used
when necessary to control agitation and restlessness until
blood was collected, after which antipsychotic treatment was
started. The remaining 25 schizophrenic patients were receiv-
ing at the time of the study various antipsychotic medications
at conventional doses, including haloperidol (n=7), chlorpro-
mazine (n=6), perphenazine (n=4), clozapine (n=6) and res-
peridone (n=2). Some received additional anticholinergic
medications and benzodiazepines. Most of the patients were
exposed to prolonged antipsychotic medication. MDD
patients (n=17) received an antidepressant treatment, mostly
selective serotonin reuptake inhibitors, or tricyclic antide-
pressants. BD patients (n=10), all depressed at the time of the
study, were on a combination of a mood stabilizers and anti-
depressants. Patients who needed additional medications for
other medical conditions were excluded. All patients were
given an explanation of the purpose of the study and provided
a written informed consent.

TABLE 1

Clinical data for the various groups

Schizophrenic patients Depressed patients

Controls ~ Medicated Unmedicated MDD BP
No. of patients 24 25 25 17 10
Gender (F/M) 13/11 10/15 14/11 11/6 6/4
Age £ SD 35098 25970 32.0x13.0  53.0£14.0% 50.0=x13.5%
(tange) (22-50) (18-43) (18-60) (33-75) (27-75)
Duration of 5255 42+100 103+103 180 =11.1°
Illness (0.5-20) (0.5-20) {0.5-34) (2-41)
(range)

A significant difference for age and duration of illness was demonstrated in depressed

patients as compared with the schizophrenic or control groups, which did not differ from
each other. The significance of the difference (df = 100 F = 19.291 p < 0.0001 for age of
subjects; df = 76 F = 6.720 p = 0.0005 for duration of illness) was analyzed by one way

ANOVA followed by Bonferroni.
p <0.001 (t = 5.033);

bp <0.01 (t = 3.533) vs. control,
“p <0.01 (t =5.367) vs. schizophrenic patients.

patients with bipolar disorder, the depressed type and healthy
controls (Ben-Schachar et al, 1999).

Materials and Methods
Subjects

[0080] A total of 77 patients and 24 control subjects par-
ticipated in the study. All patients met DSM-IV criteria for
schizophrenia (acute exacerbation), bipolar disorder (BD)
depressed type or recurrent major depression (MDD). Con-
sensus diagnosis by two senior psychiatrists was based on
extended clinical interviews and reviews of patients’ charts.
Patients with schizoaffective illness were excluded. Twenty-
four subjects without prior psychiatric history served as a
control group. This group was age and sex matched to the
schizophrenic group. Table 1 displays some of the demo-

Isolation of Mitochondria from Platelets

[0081] Blood (40-80 ml) was collected from the cubital
vein without tourniquet between 8:00 and 10:00 a.m., mixed
9:1 with 3.8% (w/v) tri-sodium citrate, and platelet-rich
plasma (PRP) separated at room temperature by centrifuga-
tion at 200xg for 20 min. Platelets were isolated and washed
with Tyrode’s buffer pH 7.4 containing 1 mM EDTA as
described previously (Krige et al., 1992). The platelet pellet
was gently resuspended in ice cold 10 mM Tris buffer pH 7.4
containing 250 mM sucrose and 1 mM EDTA and disrupted
by a Dounce A homogenizer (20-30 strokes). The breakdown
of the platelets was verified by light microscopy. The homo-
genate was centrifuged at 1000xg at 4° C. for 20 min to
remove unbroken cells. The supernatant, containing the cyto-
plasmic extract was centrifuged at 12,000xg at 4° C. For 15
min and an enriched mitochondrial fraction was isolated on
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percoll as described previously (Ben-Shachar et al., 1993;
Gavin et al., 1990: McComark and Denton, 1989). Electron
microscopy showed a sediment of intact mitochondria with
dense granules and a-granules. The final preparation was
immediately stored at =70° C. until use.

Mitochondrial Enzyme Activity

[0082] Mitochondrial respiratory chain enzymes activity
was assayed blindly and in triplicate after two cycles of freez-
ing and thawing ina final volume of 1 ml at 25° C. by standard
techniques. Alternatively, 1% digitonin was added for 1 min
and subsequently diluted 1:100 by the addition of the buffer
before the start of the reaction. Briefly, complex I activity was
assayed by two different methods using either ubiquinone
(CoQ) or ferricyanide as electron acceptors.

NADH Ferricyanide Reductase Activity

[0083] NADH ferricyanide reductase activity was deter-
minedatV __ferricyanide throughout the study with or with-
out antimycin A (Singer, 1974). Kinetic analysis was pet-
formed in mitochondrial preparation (0.25 mg protein/ml) at
25° C. in 50 mM Tris-HCI buffer pH 7.4 containing 0.25 M
sucrose. Mitochondria were disrupted by pretreatment either
by thawing and freezing, or with 1% digitonin for 1 min,
subsequently diluted 1:100 by the addition of the buffer
before the start of the reaction. There was no difference
between both procedures. The reaction was started by the
addition of 0.1 mM potassium ferricyanide and 0.14 mM
NADH with and without 10 pg antimycin A. The decrease in
NADH absorbance was followed at 340 nm for 1 min with a
3 sec interval between successive readings and 1 sec initial
delay. In this mitochondrial preparation rotenone had no
effect on NADH ferricyanide reductase activity.

NADH-CoQ Reductase Activity

[0084] NADH-CoQ reductase activity was assayed in 20
mM potassium-phosphate buffer pH 7.2 containing 5 mM
MgCl, and 1 mM KCN. NADH 0.14 mM and 50 pM decy-
lubiquinone  (2,3-dimethoxy-5-methyl-6-decyl-1,4-benzo-
quinone) were added with and without 10 pM rotenone or 10
pg antimycin A as described previously (Estorneli, 1993;
Hatefi, 1978; Ragan et al., 1987). The residual activity of
NADH CoQ reductase in the presence of rotenone was
5-15%.

[0085] Results from both assays for each sample are
expressed as the difference between reductases activities in
the absence and the presence of the relevant inhibitors.
[0086] For Dopamine inhibition studies, aliquots of
samples were incubated with or without dopamine 10 exp
(-5) M for one minute prior to initiation of the reaction. The
level of activity of mitochondrial complex I was determined
in the presence and absence of dopamine, using the methods
described above.

Statistical Analysis

[0087] The results were analyzed according to standard
statistical tests. Non-parametric descriptive statistics were
used to avoid assuming a definite theoretical normal distribu-
tion of the data set. Parametric tests were performed to detect
any difference between the various groups. Inter-group dif-
ferences on the various dependent variables were assessed by
one way ANOVA followed by Bonferroni post hoc multiple
comparisons test. Linear regression analysis was used to esti-
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mate the relationship between NADH ferricyanide reductase
and NADH CoQ reductase activities.

[0088] All chemicals for enzyme analyses were purchased
from Sigma Chemical Co. St. Louis, Mo., USA. Protein con-
centration was measured using Biuret reaction.

Results

Correlation Between NADH Ferricyanide Reductase and
NADH Coq Reductase Activities

[0089] Complex I activity can be measured by two meth-
ods, using either CoQ or the artificial electron acceptor ferri-
cyanide. The assay using ferricyanide is the most reliable and
sensitive measure of NADH dehydrogenase activity (Singer,
1974); ithas the added advantage that it requires only half the
amount of blood. A highly significant correlation (p<0.001,
r=0.85) was found between NADH ferricyanide reductase
and NADH CoQ reductase activities in platelet mitochondria
of 40 subjects from the various patients groups and healthy
controls (not shown). Therefore, the rest of the study was
carried outby measuring NADH ferricyanide reductase activ-
ityatV __ferricyanide.

NADH Ferricyanide Reductase Activity

[0090] Reference is now made to FIG. 1, which shows
individual values of NADH ferricyanide reductase activity,
which were markedly increased in mitochondrial preparation
from platelets of schizophrenic patients in acute exacerbation
compared with those from control subjects. In contrast, no
difference in enzyme activity was observed between
depressed patients with recurrent major depression, those
with bipolar disorder and control subjects. Only a minimal
overlap was observed between the individual values of
schizophrenic patients and the remaining groups. Quantita-
tively, one way ANOVA revealed a significant difference
between the groups (F=42.522; df=100 p<0.0001). A set of
Bonferroni post hoc analyses showed that both the medicated
and unmedicated schizophrenic groups were significantly
different from controls (t=5.516 and t=4.790 for medicated
and unmedicated schizophrenics, respectively p<0.001). The
schizophrenic subjects were also significantly different from
both groups with affective disorders (t>6.604, p<0.001 for all
interactions between the schizophrenic groups and the affec-
tive disorders groups). Table 2 summarizes the means=SD of
all groups.

[0091] Age was significantly different between patients
with affective disorders and the remaining groups. ANCOVA
control for age did not change the significance of the differ-
ence between the schizophrenic patients and the patients with
affective disorders and control subjects.

[0092] NADH ferricyanide reductase activity was analyzed
in schizophrenic patients who did not receive medication for
various periods (for at least one month, and most patients had
not received medication for significantly longer periods, up to
several years). No significant difference was observed
between patients who were unmedicated for 1-3 months and
those who had not received medication for more than a year
prior to the study. Sixty percent of the unmedicated patients
received upon admission a single administration of a short
acting benzodiazepine to control agitation and restlessness
until blood was collected. No significant difference (t=0.08,
p=0.9412) was observed between the two groups. Thus, all
unmediated patients were pooled into one group. NADH
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ferricyanide reductase activity was similar in medicated and
unmedicated schizophrenic patients.

[0093] The ability of Dopamine to inhibit NADH-ferricya-
nide reductase activity was investigated by pre-incubating
samples from schizophrenic patients and from controls with
dopamine prior to initiation of the enzyme assay. Dopamine
inhibited NADH-ferricyanide reductase activity to a greater
extent in schizophrenic patients compared with control sub-
jects, subjects with major depression and subjects with bipo-
lar disorder, as shown in Table 2.

TABLE 2

Mitochondrial NADH-ferricyanide reductase activity
in platelets of schizophrenic patients, patients
with affective disorders and control subjects.

NADH
dehydrogenase Dopamine
activity (nmol/mg inhibition
Subjects protein/min) (%)
Controls (n =24) 131.87 £53.1 38.6+134
Medicated schizophrenics (n = 25) 319.60 + 83.0% 69.1 £ 19.9%
Unmedicated schizophrenics (n = 25) 296.85 + 54.7% 72.6 + 15.0%
Recurrent major depression (n = 17) 136.21 £44.9 31.7+16.5
Bipolar disorder (n = 10) 136.50 £57.7 345+ 13.6

Values are means + SD.
*p < 0.001 vs. controls and vs. both groups of depressed patients was ana-
lyzed by Bonferroni post hoc test.

[0094] A crucial factor in any diagnostic assay is the repro-
ducibility of the results. The reproducibility of complex I
activity measure is demonstrated in Table 3.

TABLE 3

Sample reproducibility of complex I activity in control subjects

Complex I activity

Number of subject Number of sampling  (nmol/mgProtein/min)

199.28 = 16,10
112.50 = 16.10
167.14 £ 4.82
16393+ 15.43
7232£7.39
208.93+19.28
159.11 + 28.93
18643 = 4.02
393.75+ 48.21
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Intra-sample variation was determined by repeated measurements of com-
plex I activity at various time points over a period of one year. Results are
means = SD.

NADH Ferricyanide Reductase Activity Normalized for
Cytochrome ¢ Oxidase Activity

[0095] Cytochrome c oxidase was used as a marker for the
estimation of mitochondrial mass and purity between
samples.

[0096] To show that cytochrome ¢ oxidase has similar
activity in all groups, cytochrome ¢ oxidase was assayed by
following the decrease in the absorbance of reduced cyto-
chrome ¢ at 550 nm (Storrie and Madden, 1990).

[0097] Table 4 presents cytochrome ¢ oxidase activity in
platelet mitochondria from the various groups. No statisti-
cally significant differences were found among the groups.
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TABLE 4

Cytochrome c oxidase activity in mitochondria from
platelets of schizophrenic patients, patients with

affective disorders and control subjects.

Cytochrome ¢ oxidase activity

Subjects (nmol/mg protein/min)
Controls (n = 24) 39.20 + 15.87
Medicated schizophrenics (n = 25) 33.29 £ 17.70

45.69 £ 24.83
34.81 +15.23
30.9£12.91

Unmedicated schizophrenics (n = 25)
Major depression (n=17)
Bipolar disorder (n = 10)

Values are means = SD. The number of patients is given in parentheses. No
statistically significant difference was obtained.

[0098] Since cytochrome ¢ oxidase showed similar activity
in all groups, it was used as a marker for the estimation of
mitochondrial mass and purity between samples. Reference
is now made to FIG. 2, which shows NADH ferricyanide
reductase activity normalized for cytochrome ¢ oxidase activ-
ity. As shown in FIG. 2, normalization did not affect the
previously described between-groups differences. Quantita-
tively, one way ANOVA revealed a significant difference
among the groups (F=11.429; df=67 p<0.0001). A set of
Bonferroni post hoc analyses showed that both schizophrenic
groups were significantly different from the control group
(t=4.951 and t=4.777 for medicated and unmedicated schizo-
phrenic patients, respectively p<0.001). Both schizophrenic
groups were significantly different from both groups of
patients with affective disorders (t>3.714, p<0.01 in all
cases). No significant difference was found in normalized
complex I activity between medicated and unmedicated
schizophrenic patients or between the two affective disorder
group and control subjects.

Complex I Activity as a Function of Clinical State

[0099] Schizophrenic patients at various stages of the dis-
ease (patients at acute phase, residual patients with pro-
nounced positive symptoms, and residual patients without
pronounced positive symptoms who experience mainly nega-
tive symptoms ) were recruited. Healthy control subjects were
matched as much as possible for age and sex. All patients
were formally diagnosed according to DSM-IV criteria and
were evaluated by a senior psychiatrist using positive and
negative symptom scale (PANSS). Complex I activity was
significantly increased in both the acute patients and residual
patients having pronounced positive symptoms as evaluated
by PANNS, while patients in a residual state lacking pro-
nounced positive symptoms showed a decrease in mitochon-
drial complex I activity (Table 5). A high correlation was
found between most parameters of the positive category and
complex I activity in the schizophrenic population (Table 6)
with r=0.74; p<0.001 between total positive scores and activ-
ity. These results indicate that alteration in complex I activity
is state dependent.
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TABLE 5

Mitochondrial NADH frricyanide reductase (complex I) activity in
platelets of schizophrenic patients at various disease stages.

Complex I activity

Subjects (nmol/mg protein/min)

Controls (n = 48)

Schizophrenics at acute phase (n = 56)
Chronic schizophrenics with positive
symptoms (n = 22)

Chronic patients with residual schizophrenia
(n=23)

218.23 £ 102.26
419.96 = 82.14*1
402.23 = 99.43*1

115.84 = 104.42%%

Values are means = SD. The number of patients is given in parentheses.

*p < 0.0001,

**p < 0.002 vs. controls,

p < 0.0001 vs. residual schizophrenia analyzed by Bonferroni post-hoc test.

TABLE 6

Pearson’s correlation between complex [ activity and clinical
characteristics of 47 chronic schizophrenic patients

Pearson’s
Scale for assessment of correlation Significance (2-
positive symptoms () tailed) (p<)
delusion 0.546 0.013
hallucination 0.53 0.016
excitement 0.513 0.021
grandiosity 0.715 0.0001
suspiciousness 0.608 0.004
hostility 0.741 0.0001
All positive 0.704 0.001
General 0.667 0.001
Sum of symptoms 0.455 0.044

Twenty schizophrenic patients were evaluated by using Posi-
tive and Negative Symptom Scale (PANSS) for schizophre-
nia. Ten showed pronounced positive symptoms and ten
patients were in a residual state. Results show only the symp-
toms which showed significant correlation with complex 1
activity.

Example 2

Complex I Alteration is Expressed at the Level of
Translation of'its 24 and 51 kDA Subunit but not the
75 kDA Subunit

Materials and Methods
RNA Extraction

[0100] RNA extraction from blood cells (lymphocytes,
platelets leukocytes etc) is performed using RNA isolation
kit. Homogenization is carried out by the addition of 1 ml
RNA STAT-60 (or as described by any other extraction kit)
per 50-100 mg tissue and extraction is performed according to
the kit instructions. For further purification of the RNA 1
volume of phenol: chloroform: isoamyl alcohol (25:24:1) is
added to 1 volume of the aqueous layer. Following vortex the
layers are separated by centrifugation at 9.000 g for 5 min.
The upper layer is separated and RNA is precipitated by
adding 0.5 volume of isopropanol, centrifugation at 10,500 g
for 15 minutes. Subsequently washing is done by 75% etha-
nol and centrifugation as above. All RNA preparations are
then dissolved in RNase free water and treated by DNase.
DNAase treated RNA is purified by an equal volume of phe-
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nol: chloroform: isoamyl alcohol (25:24:1). The aqueous
layer is separated by centrifugation as detailed above, and an
equal volume of chloroform was added. RNA is then precipi-
tated from the aqueous phase by Yio volume of NaOAc (pH
4.5) and 2.5 volumes of 95% ethanol by centrifugation at
10.500 g for 15 minutes. The pellet was washed again with
80% ethanol centrifuged as before, dried, dissolved in RNase
free water and stored in -80° C. until use. RNA integrity
depicted in the form of three bands corresponding to 288, 18S
and 5S RNA is assessed by electrophoresis in a 1% agarose/
formaldehyde gel stained with ethidium bromide. The
amount of RNA extracted is determined spectophotometri-
caly at 260 nm.

Reverse Transcription (RT)

[0101] After extraction of total RNA, reverse transcription
was performed forming a single strand ¢cDNA. Following
incubation at 72° C., 5 pg of total RNA was reverse tran-
scribed for 1 h at 37° C. with 0.5 pg random primers in the
presence of 200 units of M-MLV reverse transcriptase
(Promega), 25 units of RNasin ribonuclease inhibitor and 500
uM final concentration of ANTP in a 25 pl reaction.

Quantitative PCR (Q-PCR)

[0102] Q-RT-PCR assessment is performed on reversed
transcribed RNA using LightCycler with FastStart DNA
Master SYBR Green [ ready-to use PCR mix kits (Roche
Diagnostics, Mannheim, Germany). Each experimental set
includes one reaction with water as a template to control for
cross contamination, a standard curve and 3 reference genes.
Amplified products is visualized on 1.5% agarose gel. The
results are analyzed in real-time using the provided program
of the LightCycler or any other apparatus for qPCR, and
normalized against reference genes in order to correct
sample-to-sample variation. Genes like Glyceraldehydes-3-
phosphate dehydrogenase (GAPDH), f-Actin and 18S rRNA
serve as reference genes for normalization. For each of the
complex 1, 45 genes (including NDUFV1, NDUFV2 and
NDUFS1 or 51-kDa, 24-kDa and 75 kDa, respectively)
¢DNA (100-0.4 ng/5 pl) are added to 10 ul SYBER Mix (AB
absolute Syber Green ROX mix) or any other commercially
available mix for Q-PCR, such as those containing TagMan,
2 pl of primer mix (forward+reverse, 500 nM of each) and 3
ul of H,O to give a final volume of 20 pl. Each experimental
set contains 96 samples. Each sample is analyzed in dupli-
cates.

RT-PCR Analysis

[0103] The expression of 24-, 51- and 75-kDa subunits of
complex I in platelets was studied by using the RT-PCR
technique. Total RNA was isolated using RNA STAT-60 kit
(TEL-TEST, INC.). For cDNA synthesis and PCR amplifica-
tion Reverse Transcriptase kit from Promeca and FastStart kit
from Roche Molecular Biochemicals were used. A single
c¢DNA strand was synthesized by reverse transcriptase reac-
tion. 5 pg of total RNA were incubated with 1 pug Random
Primer at 70° C. for 5 min before the addition of 8 ul
SxMMLYV, 20 mM dNTP mix, 24 units of RNasine and 400
units of MMLV Reverse Transcriptase. Double-distilled
DEPC water was added to a final volume of 40 pl. The assay
mixture was incubated at 37° C. for 1 hour and then at 95° C.
for 5 min. Amplification of ssDNA of the subunits was per-
formed by PCR reaction. PCR incubation mixture contained



US 2009/0162854 A1l

25 mM dNTP mix, 2.5 ul of 10xPCR buffer plus 20 mM
MgC,, 5 mM MgCl,, 5xGC-RICH solution, 1 unit of Fast-
Start Tag DNA Polymerase, 10 pM 3' primer, 10 pM §' primer
and 1.5 pl of RT-product. Double-distilled water was added to
a final volume of 25 pl. The mixture was incubated in a T3
Thermocycler with first denaturation at 95° C. for 5 minutes;
the following denaturation at 95° C. for 1 minute, annealing at
60° C. for 1 minute, extension at 72° C. for 1 minute; for 38
cycles of amplification with final extension at 72° C. for 10
minutes. The region amplified by PCR was between 120 and
760 bases forming a 641 bp fragment for 24 kDa; between
211 and 637 bases forming a 427 bp fragment for 51 kDa;
between 1231 and 2230 bases forminga 1000 bp fragment for
75 kDa. RT-PCR products were assessed in a 2% agarose gel
containing ethidium bromide A 2645-36 bp DNA ladder
(NOVEX) was used as a base pair reference marker. To con-
trol for the quality of RT-PCR assay and to prevent cross
contamination, RNA extraction, RT-PCR assay set-up and
post-RT-PCR product analysis were carried out separately. A
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TABLE 7

Summary of densitometry evaluation of m-RNA levels of the 51
KDA subunit of mitochondrial complex I from several gels

Schizophrenic
No. of Gel Control subjects patients Patients/Controls

C/P (OD) (OD) (OD)
1(7/11) 1.030 = 0.147 1.830 +0.189 1.8
2 (4/4) 1.411 = 0.029 3.821 +0.329 2.7
3(3/4) 4.498 + 0.461 7.180 + 0.844 23
4 (4/4) 0.731 £0.196 1.700 +0.269 23
5(U1) 0.129 0.343 2.7
6 (1/1) 0.82 1.62 1.98
7 (V1) 0.466 1.48 3.18

TABLE 8

Summary of densitometry evaluation of m-RNA levels of the 24
kDA subunit of mitochondrial complex I from several gels

. . . No. of Gel Schizophrenic
par'allel PCR re'actlon 'WaS pf:rformed witha p'al%‘ of Sen'se'and Control/ Control subjects patients Patients/Controls
antisense {3-actin specific primers, for normalizing variations patient (OD) (OD) (OD)
in RNA aliquots taken for RT reaction and gel loading. -
1(711) 0.971 £0.135 3.207 0452 3.3
2 (8/8) 0.017 £ 0.003 0.092 +0.021 53
Subjects 3 (4/4) 2.997 £ 0.360 7758 £1.292 2.58
4(3/4) 4.498 = 0461 7.180 £ 0.844 1.60
[0104] The total number of subjects assayed for mRNA S 0.1 0.66 6.00
6 (1) 0.82 1.62 1.98
levels: 7(111) 0.466 1.48 3.18
Subunit Controls Schizophrenic patients TABLE 9
24 kDa 17 43 Sumumary of densitometry evaluation of protein
51kDa 19 31 levels of the 24 kDA and the 51 kDA subunits
75 kDa 12 32 of mitochondrial complex I from several gels
Schizophrenic
No. of Gel Coutrol subjects patients Patients/Controls
Results (C/P) (OD) (OD) (OD)
. . . 24 kDa subunit
[0105] Reference is now made to FIG. 3, which depicts -
RT-PCR analysis from platelets of schizophrenic patients at 1 (5/6) 1.191£0.153 6218 £0.146 5.1
. 2 (4/4) 1.261 £0.062 1.798 £ 0.120 14
acute relapse and healthy control subjects. mRNA levels of 24 3(5/6) 0712 £ 0.086 1274 +0.140 18
kDa subunit (FIG. 3A) and 51 kDa subunit (FIG. 3B) of 51 kDa subunit
complex I, measured by RT-PCR, were higher by more than 3 , _
. . ; ; : 1(5/6) 0.716 £0.076 1.021 £0.0471 14
and 2 folds, respectively, in schizophrenic patients as com- 2 (4/2) 0.786 + 0.045 1.247 £ 0123 16
pared to controls. In contrast, no change was found in the 75 3(5/6) 0413 £0.047 1.491 £ 0.233 3.6
kDa subunit (FIG. 3C). FIG. 3D depicts mRNA levels of
[-actin, for normalizing variations in RNA aliquots taken for
RT reaction and gel loading. Table 7 summarizes m-RNA Example 3

levels ofthe 51 kDA subunit of mitochondrial complex [ from
several gels, normalized for beta-actin. Table 8 summarizes
m-RNA levels of the 24 kDA subunit of mitochondrial com-
plex I from several gels, normalized for beta-actin. Table 9
summarizes protein levels of the 24 kDA and 51 kDA sub-
units of mitochondrial complex I from several gels, normal-
ized for beta-actin. The brackets indicate the number of
samples for each gel. As can be seen, the mRNA ratio between
schizophrenic patients and control while measuring the 51
kDA subunit is between about 1.8-3.18 and the mRNA ratio
between schizophrenic patients and control while measuring
the 24 kDA subunit is between about 1.6-6.0.

Complex I Alteration is Expressed at the Level of
Protein of Its 24 and 51 kDA Subunits

Materials and Methods
Western Blot Analysis

[0106] Platelets were isolated from 20 ml blood, washed
with Tyrode’s buffer pH 7.4 containing | mM EDTA accord-
ing to Krige et al. (1992) and centrifuged at 1000 g for 15 min
at 4. Pellet was suspended in 10 mM Tris buffer pH 7.4
containing 250 mM sucrose, 0.5% NP40 and TM protease
inhibitor cocktail. Samples were placed on ice for 1 hour with
in between vortex (4-5 times). The suspension was centri-
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fuged at 10,000 rpm for 5 min. The supernatant (100-120 h+g
total protein) was diluted 1:1 in electrophoresis sample buffer
containing 20% (v/v) glycerol, 4% (w/v) SDS, 250 mM Tris-
HCI, pH 6.8, 10% (v/v) 2-mercaptoethanol, 0.5 mg/ml bro-
mophenol blue. To control for the amount of protein loaded,
protein concentration was measured using Bradford reagent
(BIO-RAD). The protein sample was separated on a SDS
acrylamide gel (14% and 7.5% gel for 24 kDa and 51 kDa
subunits, respectively) and transferred to a nitrocellulose
membrane. Rat brain mitochondria at different concentra-
tions were used as a positive control. Quality of transfer was
assayed by Ponceau staining. The nonspecific binding sites
were blocked with 5% (w/v) nonfat milk in mM Tris-Saline
buffer pH 8 containing 0.5% Tween 20 (T-TBS). The mem-
branes were incubated at 4° C. overnight with primary anti-
body (anti sera for bovine complex I 24 kDa/51 kDa, diluted
1:350 in T-TBS containing 2% BSA. The 24 kDa/51 kDa
antisera was a gift from Y. Hatefi, Scrippts Institute of
Research). The blots were washed 3-5 times with T-TBS at
room temperature and incubated for 1 hour at room tempera-
ture with goat anti-rabbit IgG, diluted 1:10,000 in T-TBS. The
blots were then developed with Amersham’s ECL and
exposed to XLS Kodak film for 20-30 seconds.

Subjects

[0107] For protein level of 24 and 5 kDa, samples from 34
schizophrenic patients and 15 control subjects were assayed.

Results

[0108] Reference is now made to FIG. 4, which is an ECL
western blot analysis of the 24 kDa and 51 kDa subunits of
complex I in platelets of schizophrenic patients and healthy
control subjects. As shown, protein levels were significantly
increased by about 2.5 and 2.0 folds for the 24 kDa and 51
kDa, respectively, in schizophrenic patients at acute relapse
as compared to healthy subjects. Rat brain mitochondria were
used as positive control.

Example 4

Effect of Dopamine (DA) on Respiration of Cells
Through Complex I

[0109] The effect of dopamine on respiration of cells in
intact cells is mediated through the inhibition of complex 1.
Oxygen consumption through each enzymatic complex of the
respiratory chain was measured separately. Respiration rate
was determined polarographically using a thermostatically
controlled (37° C.) Clark oxygen electrode after 10 minutes
of incubation. Respiration rates for each enzyme of the res-
piratory chain were assessed after the permeabilization of
cellular membrane, with 0.001% digitonin followed by the
addition of the following substrates and inhibitors: private/
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glutamate plus malate for complex I induced respiration:
succinate, in the presence of rotenone and ATP for complex 11
induced respiration, and glycerol-3-phosphate, in the pres-
ence of rotenone. ATP and malonate (complex Il inhibitor) for
complex IIT induced respiration as presented in FIG. 5.
Dopamine inhibited respiration through complex I by 33.3x0.
07% (p<0.0006) but not through complex II and 111, further
substantiating dopamine’s ability to specifically interact with
complex T as presented in FIG. 6. Results are means+SD of 3
experiments. The significant differences were analyzed by
t-test *p<0.0006.

Example 5

Effect of Dopamine (DA) on Respiration of EBY
Transformed Lymphocytes in Schizophrenia

[0110] Isolationof Epstein-Barr Virus (EBV) Trans formed
Lymphocytes
[0111] Lymphocytes were isolated on Ficol and were cen-

trifugated at 270 g for 10 minutes, the cell pellet was infected
with 1 ml EBV at 37° C. for 1 h. The sample was then
centrifuged at 270 g for 10 minutes to remove the EBV. The
infected lymphocytes were-suspended in 5 ml of RPMI 1640
with 20% (v/v) FBS and 1% phytohemagglutinin (PHA) and
incubated in a culture flask with culture medium replaced
twice a week. Immortalized lymphocytes were then cryopre-
served until use in liquid nitrogen.

[0112] Respiration was measured polarographically using
athermostatically controlled (37° C.) Clark oxygen electrode
after 10 minutes of incubation. The respiration rates were
assessed after the permeabilization of cellular membrane
with 0.001% digitonin and the addition of glutamate+malate

Results

[0113] Basal respiration of EBV transformed lymphocytes
(Ilymphoblats) derived from seven schizophrenic patients was
significantly lower than that of EBV transformed lympho-
cytes derived from seven healthy subjects (0.370+£0.087 vs.
0.604+0.089 AO, uM/h, p<0.0001) as depicted in FIG. 7A.
DA induced an inhibition of respiration in both groups but the
inhibition was higher by two fold in lymphoblats of schizo-
phrenic patients (26.8+8.6%) than control subjects (11.4+7.
2%) as depicted in FIG. 7B.

Example 6
Respiration and Antipsychotic Drugs

[0114] The effect of antipsychotic drugs on respiration in
SH-SYS5Y cells was studied. Both typical (haloperidol, chlo-
rpromazine) and atypical antipsychotic drugs (clozapine), but
not antidepressant drugs (anafranil, Fluoxetine), specifically
inhibit complex I driven mitochondrial respiration as pre-
sented in Table 10, and had no effect on respiration through
complex IL. Antidepressant drugs also inhibited respiration
but not specifically through complex I since the percentage of
inhibition was similar to the inhibition through complex II.

TABLE 10

Antipsychotic drugs affect respiration through complex I inhibition

% Inhibition - complex I % Inhibition - complex 1T

Drug ix107°M 1074M ix10°M 1074M
Haloperidol 27.2 £4.7* 47.6 £ 10.0* 0.7+0.7 29+1.8
Clozapine 31.2 £5.6* 39.9 + 20.8* 109 £ 1.6 2.6+24
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TABLE 10-continued

Antipsychotic dmgs affect respiration through complex [ inhibition

% Inhibition - complex I % Inhibition - complex II

Drug 5x107°M 107%M 5x10°M 107%M
Chlorpromazine 209 £18.1% 438+ 17.3*% 6.6+3.5 149+2.1
Anafranil 13.0+11.0 32.1 = 8.8% 11.0+1.2 22.1 = 18.0%*
Fluoxetine 157255 29.2=22.7%%  150%9.2 253 £02%

The significance of inhibition of respiration by the drugs was calculated by student t-test

comparing their effects to the basal respiration before they were added.
Values are means = SD of 4-6 detections.

*p < 0.011,
**p < 0.05

The significance of inhibition of respiration by the drugs was
calculated by student t-test comparing their effects to the
basal respiration before they were added. Values are
means+SD of 4-6 detections. ¥p<0.001, **p<0.05

[0115] It will be appreciated by persons skilled in the art
that the present invention is not limited by what has been
described hereinabove and that numerous modifications, all
of which fall within the scope of the present invention, exist.
Rather the scope of the invention is defined by the claims
which follow:

What is claimed is:

1. A method for diagnosing schizophrenia in a subject, said
method comprising the steps of: obtaining a sample from the
subject; determining the level of one or more mitochondrial
complex I subunits protein or mRNA encoding thereofin said
sample; and comparing said level of each mitochondrial com-
plex I subunit protein or mRNA encoding thereof of the
sample with a normative value of mitochondrial complex I
subunit protein or mRNA encoding thereof, wherein an
altered level of at least one mitochondrial complex 1 subunit
mRNA or protein encoding thereof in said sample is indica-
tive of the subject having schizophrenia.

2. The method according to claim 1, wherein said sample is
a blood sample.

3. The method according to claim 2, wherein said blood
sample is a platelet, lymphocyte, leukocyte, monocyte, or
T-cell, B-cell, neutrophil or EBV transformed lymphocytes or
immortal blood cells.

4. The method according to claim 1, wherein a higher level
of m-RNA or protein of said subunit of mitochondrial com-
plex I by between 1.5-10 folds compared with normative
value is indicative of the subject having schizophrenia.

5. The method according to claim 1, wherein said level of
m-RNA subunit is determined by using the following steps:
isolating RNA from said sample; contacting said RNA with
primers which are specific for said subunit of mitochondrial
complex I; performing RT-PCR on said sample; and deter-
mining the level of m-RNA of said subunit of mitochondrial
complex I.

6. The method of claim 1, wherein said level of protein
subunit of mitochondrial complex 1is determined by contact-

ing the sample with a binding protein which specifically binds
to the subunit of mitochondrial complex I, and determining
the amount of binding protein bound to the subunit of mito-
chondrial complex 1.

7. The method according to claim 1, wherein said mito-
chondrial complex I subunits protein or mRNA encoding
thereof is a 24 kDa subunit.

8. The method according to claim 1, wherein said mito-
chondrial complex I subunits protein or mRNA encoding
thereof is a 51 kDa subunit.

9. The method according to claim 1, wherein said mito-
chondrial complex [ subunits protein or mRNA encoding
thereof is a 75 kDa subunit.

10. A method for diagnosing schizophreniaina subject, the
method comprising the steps of: obtaining a sample from the
subject; determining the cellular basal respiration through
complex I enzyme; adding an inhibitor to said sample and
determining the inhibition of the cellular respiration through
complex I, wherein a decrease in respiration and/or an
increase in inhibition of cell respiration through complex I
enzyme as compared to cell respiration and its inhibitory
values through complex I in a normative person is indicative
to schizophrenic patients.

11. The method of claim 10, wherein said increase in
inhibition of said cell respiration through complex I enzyme
in schizophrenics is higher by at least two fold in the range of
between 2-6.

12. The method of claim 10, wherein said decrease in
respiration of said cell respiration through complex I enzyme
in schizophrenics is between 20-40%.

13. The method of claim 9, wherein said inhibitor is cat-
echol

14. The method of claim 13, wherein said catechol is
L-DOPA, dopamine or norepinephrine (NE).

15. The method of claim 10, wherein said sample is freshly
isolated blood cells or immortal blood cells.

16. The method of claim 10, wherein said sample is EBV
transformed lymphocytes.

* sk * sk *



patsnap

FRBHORF) ATHEesZENTEMETNE
[F(2E)F US20090162854A1 [ (r&)B 2009-06-25
HiEs US12/258512 MiEA 2008-10-27
[FR]EE (RN A(E) BEN SHACHAR DORIT
KLEIN EHUD
B (E R AGR) BEN-SHACHAR DORIT
KLEIN EHUD
HPERB(EFR)AGE) TECHNIONFHFAESHRLF.
[#R1& B A BEN SHACHAR DORIT
KLEIN EHUD
KA BEN-SHACHAR, DORIT
KLEIN, EHUD
IPCH 3= C12Q1/68 GO1N33/53
CPCH %5 C12Q1/008 C12Q1/32 GO1N2800/302 GO1N33/6896 GO1N33/5079
£ £ 60/253927 2000-11-30 US
PCT/IL2001/001106 2001-11-29 WO
H N FF sk US8420308
S\EBEEE Espacenet USPTO
BEGR)
AERRBTATUOMBHRSRENSEZMERE  EEALKNEES ? 700 C
YIVER B2 ZENNBENIREY . EREPAN—PEEARF , & “A 600 - s .
KIARMTEINEBENE S YIE AR ER RSN EmM-RNASREH , “ : :
RENEESYIIENKEREEMHROMZIAERBE D REN S %, “y ’ T -
g E 400 H
-h i . : ’
£ 300 n=25 n=25 M 0
¥ 1 +— T
2= 200 ' L}
T . . .
9( 100 n=24 n=17 n=10
Z
0 Control Schizophrenia MD Bipolar

Medicated Unmedicated Depressed type

FIGURE 1


https://share-analytics.zhihuiya.com/view/c10674de-9e1b-4a9f-a543-f0cce44f4474
https://worldwide.espacenet.com/patent/search/family/040789094/publication/US2009162854A1?q=US2009162854A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090162854%22.PGNR.&OS=DN/20090162854&RS=DN/20090162854

